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FOREWORD 


Serious attention is being paid to develop effective tools and techniques for the prevention 
and abatement of environmental pollution Rapid and reliable monitoring and surveillance 
methods are essential for keeping a close watch on the health of the environment Living 
systems, plants, animals and micro-organisms have been shown to be highly sensitive to 
environmental pollution and they can be successfully used as bioindicators. Use of living 
organisms for biological monitoring is a reliable, simple and an inexpensive method for 
evaluating the state of the environment The International Symposium on 'Biological 
Monitoring of the State of the Environment (Bioindicators)' held at New Delhi, from 11-13 
October, 1984, was very timely apart from being the first of a series of such symposia to be 
organised by the International Union of Biological Sciences. The proceedings of this 
Symposium will be of benefit and guidance to the workers engaged in this newly emerging 
field of activity 
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INTRODUCTION 


As a result of population growth and technological development, human activities induce 
a variety of changes in the environment in the form of polution and perturbation which 
cause widespread damage to the living organisms in the biosphere. 

In order to assess the changes caused by human activities, effective and reliable 
monitoring systems are required to recognise and predict hazardous effects in due time. 
Biological methods of monitoring are of great importance and can provide valuable 
information about the state of the environment in practical terms, as (a) microbes, plants 
and animals by their accumulation ability can indicate the presence of hazardous substances 
occurring in the environment in very low concentrations; (6) life processes of various 
organisms can be used to evaluate the action of environmental pollution and that of single 
pollutants, and (c) changes in the population of species and in the structure of the 
ecosystem can be indicative of environmental deterioration. 

Biological methods can be successfully applied in predicting the impact of human 
activities particularly of pollutants well in advance as they provide convenient methods of 
evaluating the effect of anthropogenic substances on the living systems. Microbes, plants, 
animals, cell organelles, organs, individuals, populations and ecosystems show different 
sensitivities and can be successfully employed as ecological indicators (bioindicators) to 
assess and predict environmental changes in a timely manner. 

In view of the growing need of biological monitoring, the International Union of 
Biological Sciences (IUBS) decided at its XXI General Assembly, held in Ottawa in 1982, 
to initiate a worldwide programme for identifying and applying biological indicators in 
environmental monitoring especially to evaluate the effects of hazardous substances The 
IUBS attaches great importance to Bioindicators programme and has constituted an 
International Steering Committee headed by Professor J Salanki of Hungary who is also the 
Vice-President of the IUBS. 

The objectives of this programme are 

(а) to encourage scientists, as well as scientific and national bodies to develop and 
improve methods indicative of hazardous substances occurring in the environ¬ 
ments ; 

(б) to collect information about existing methods on bioindicators ; 

(c) to promote exchange of experiences between different laboratories, to help 
dissemination of recent knowledge among different countries , 

(d) to provide literature about bioindicators including different reference lists, general 
description of methods and practical manuals suitable for distribution to interested 
bodies, 

(e) to promote interdisciplinary and international cooperation in standardizing and 
extending the use of agreed methods , 



(f) to stimulate scientific bodies to encourage the presentatiou of new results 
cgncerned with bioindicators at international meetings; and 
(ff) to organize special regional or international symposia, workshops and seminars in 
cooperation with national bodies or other organizations on the methods, new 
results and their application. 

Recognizing the importance of bioindicators in environmental monitoring the Indian 
National Science Academy in association with the International Union of Biological 
Sciences (IUBS), organised an International Symposium on Biological Monitoring of the 
State of the Environment (Bioindicators), as a part of its Golden Jubilee Year Celebrations, 
from 11-13 October, 1984 at New Delhi. Valuable information on bioindicators of soil, 
water and air pollution was provided by the participants, and their findings provide a 
wealth of information for developing suitable programmes for biomonitoring 

The Symposium provided a valuable forum for mutual exchange of views on the 
subject. Since biomonitors provide a practical way of assessing the health of environment, 
the need for further research and development for standardizing the biomonitor responses 
and prepare guidelines and manuals for wider use and application was highlighted during 
the deliberations It was further stressed that international cooperation and funding support 
from various international and national agencies would be necessary for developing and 
strengthening biomonitoring programme for protecting the quality of environment. 

Due to limitation of space, full length presentation of all papers could not be printed. 
However, abridged versions of some of the papers presented at the seminar are included. 
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Introduction 

The term bioindicators covers a wide spectrum of organisms serving as indicators of 
environment. Notwithstanding their various attributes, the most rational way of the use of 
biological systems as indicators of environment is to employ those organisms which in their 
presence or absence and in all features of their phenotype and physiology, serve as an 
index of their environmental status Undoubtedly, they indicate the level of pollution, but 
more important is the fact that they provide a clear insight into the composition of their 
substratum. Thus both the positive and negative facets of the environment can be monitored 
through biological systems 

As indicator of pollution, the bioindicator has a serious limitation. It can indicate the 
general toxicity of the environment, without ascertaining the exact physical or chemical 
factors responsible for this toxicity The supplementation with physical and chemical 
methods is a prerequisite for arriving at a precise understanding of the chemical components 
responsible for environmental pollution. 

The discussion on bioindicators as such need not necessarily centre around air, 
soil or water pollution which covers only one facet of the function of bioindicators. The 
better approach would be to deal with different organisms which are indicators of environ¬ 
mental state—specific or non-specific. 

From times immemorial, certain observations have been generalized on the basis of the 
study of biological systems. The well known examples of such generalizations include the 
growth of salmon and trout as indicators of pure water, the rushes or willows for moisture 
in the atmosphere, the sphagnums for the acidic nature of the soil, phytoplankton bloom 
for the release of dissolved organic substances—amongst a host of others. 

Animal Systems as Indicators 

With the rapid rate of urbanization, industrial growth and mining operations, the use of 
biological system as monitors of environment is being increasingly appreciated As com¬ 
pared to plants, in this respect, the animal system has been utilized to a much greater 
extent 

The monitoring through the use of birds is an age-old practice. Without going into the 
details, the classical example of the use of canary birds of small size and high metabolic 
rate in mining operations may be cited Its unconscious state is an indicator of toxicity, 
which on chemical analysis has been proved to be due to carbon monoxide In such cases, 
the organisms serve as early warning systems The avian group, because of its power of 
accumulation and concentration of metabolites in the food chain, has been effectively 



employed in determining the nature of the elements present in the atmosphere. The preda¬ 
tory birds and mammals are endowed with the capacity of retention of compounds, as 
manifested in the accumulation of fat-soluble organochlorine insecticides and high levels of 
mercury. 

With the increasing use of insecticides, pesticides and fertilizers in various facets of 
human endeavour, it is well known that the ecological balance in the environment is 
disturbed. The monitoring of pollutants responsible for upsetting this equilibrium and bring* 
ing about environmental hazards is greatly facilitated by the use of predatory birds and 
scavenging mammals The thinning of egg shells in Peregrin falcon serves as an effective 
parameter for detection of DDT and mercury in the environment. 

The fishes and other aquatic animals too have the remarkable capacity of extracting 
and concentrating certain chemicals from the water. The water-breathing animals live in 
direct contact with water to secure enough oxygen for respiration. It is no wonder therefore 
that the aquatic animals in general, and fishes in particular, are used on a wide scale not 
merely to detect the level of pollution but also for direct indication of their ecosystem. 
Several invertebrates are of common use in researches on monitoring of the nature of the 
environment. The underlying principle of the use of fresh water mussels in monitoring, 
otherwise known as mussel watch system, is based on their capacity of depositing heavy 
amount of metals. This technique has provided a very powerful tool of monitoring water 
bodies in different parts of the world. The crabs, which can accumulate massive doses Of 
pesticides, also form an adequate index of pesticide residues. 

The animals which have a rapid rate of propagation have been utilized in various 
genetic tests for monitoring the effects of environmental mutagens and carcinogens Scores 
of data are available on Drosophila involving diverse genetic tests like dominant lethal, 
sister chromatid exchange, formation of micronuclei from various laboratories of the 
world. In addition to Drosophila, the rabbits, mouse and the rats are used as experimental 
monitors. Needless to say, that in the study of mutation epidemiology, they serve as sentinel 
phenotypes. 

Plant Systems as Indicators 

Different groups of plants adequately serve the objective of indicating the nature of the 
environment, both from the point of view of pollution as well as survey of resources The 
environmental factors undoubtedly affect the reaction of the indicators and the susceptibility 
or resistance may vary with the physiological set up In general, the bioindicator plants are 
rather very specific but there are exceptions where the response is identical towards 
different compounds. 

Amongst the lower groups, special reference should be made to lichens which, 
because of their susceptibility and resistance to different environmental effects, are ideal 
monitoring agents. There are certain lichens which can thrive only in the unpolluted air 
whereas others are resistant even to the most polluted systems. The wide variety of lichens 
including different species of Lecanora are good indicators of a broad spectrum of environ¬ 
ment. The presence of sulphur dioxide and fluorine in the atmosphere is clearly indicated by 
the lichen thalli. Even the dead thalli have the capacity to absorb fluorine and heavy metals 
including lead. The utilization of lichens in the survey of long life nucleids like Cesium 137, 
Strontium 30, which are released from nuclear explosions is of special importance. A very 



high level of such nucleids has been recorded in the a zone denoting the distribution pattern 
of the nucleids in the biosphere It is remarkable that such arctic high level of nucleids 
does not exert injurious effects on the lichen thaili which continue to absorb these 
radioactive substances for a long time. 

In addition to various algae, several other lower organisms are excellent monitors of 
environment The use of moss and sphagnum bags is based on the principle of accumu¬ 
lation of heavy metals on dead plant materials 

Microbial Systems as Indicators 

Microbial systems are well known indicators of special ecological microniches Of the numer¬ 
ous cases, the examples may be cited of the microbial muds from continental and inter¬ 
tidal water bodies as powerful tools for detecting several compounds including sulphur. 
The detection of polar lipids of archeobacteria in petroleum belts and sediments is an 
elegent monitoring system. It is well known that Salmonella typhimurium along with 
other bacteria as well as fungi including Neurospora and Aspergillus provide excellent 
device for monitoring genetic effects of physical and chemical agents. 


Higher Plants 

Various groups of higher plants are precise indicators of environment In the exploration 
and survey of heavy metal resources diverse species of angiosperms play a very important 
role. The zinc tolerance of species of Anthoxanthum. copper tolerance of Agrostis, lead 
tolerance of Festuca and cadmium tolerance of fmpatiens are well known examples of 
bioindicators These plants not merely serve as indicators but also as pollutant scavengers. 
The dual function of indicating toxicity and scavenging of pollutants is exemplified by 
water hyacinth, common throughout the plains of India. In fact, most pollution resistant 
genotypes serve as both scavengers and indicators. In programmes of the planning for rural 
and urban sectors, a knowledge of such plants is essential. 

A wide spectrum of phenotypic, metabolic and anatomical changes in the plant system 
reflect the nature of the compounds to which the organisms are exposed. The weathered 
flakes of tobacco or chlorotic flakes of pine needle are good examples of ozone damage. 
The collapse, glazing and bronzing of leaf cells are products of damage by peroxyacety! 
nitrate Very specific symptoms of PAN damage are also on record in tomato, lettuce, 
mustard and dahlia 

The most important factor which often affects the results is the sensitivity to environ¬ 
mental set up, such as, high or low photoperiod, moisture content, and other parameters. 
For example, low light causes sensitivity to N0 2 damage because of slowing down of nitrate 
reduction process. 

Physiological and Anatomical Parameters 

The inhibition of photosynthesis as well as enolases is associated with fluorine damage. 
The stomatal nature, pigmentation, chlorosis and bleaching are undoubtedly indicators 
but the effects are to a great extent generalized The bleaching of perianth and injury 
to stamens, on the other hand, are indices of mercury poisoning But the blocking of leaf 
surface through damage from particulate matter, includes a variety of sources and suggests 

(ixj 



a general toxicity that can be determined through suitable analysis of air pollution measures 
In all these cases, the chemical analysis, is a prerequisite for proper determination of 
pollutants. Simultaneously, activities of several metabolites and enzymes serve as excellent 
indicators of environmental effects on which several papers have been presented in the 
symposium. 

Aeroallergens 

A negative corollary of bioindicator analysis is the development of aeroallergens The study 
of aerobiology is concerned with an understanding of the source of airborne spores, the 
mechanism of viability, relationship with environmental factors, with special reference to 
their infective property, the characteristics of the disease in relation to respiratory involve¬ 
ment and finally a qualitative and quantitative assessment. A vast portion of human popula¬ 
tion suffers from allergic diseases, leaving aside occupational allergy, which are undoubtedly 
traceable to biological sources As examples, the cases may be cited of workers in wood 
and paper mills as well as those engaged in mushroom cultivation. It is indeed paradoxical 
that in majority of urban planning measures, the criterion of airborne microbes and spores 
is not included even though they seriously interfere with living systems and jeopardize 
industrial development. 

Human System 

Even the human system serves as excellent indicator device. Blood and urine along with 
others are widely used as indicators of exposure to toxic compounds but such an analysis 
bristles with the limitation of monitoring capacity being restricted to recent exposures On 
the other hand, human hair from the head, can trap metallic vapour and dust over a long 
period of time because of the affinity with hair proteins Owing to this unique property, 
analysis of samples as old as 1900 years has been successfully carried out. 

Conclusion 

All these evidences are just a few examples of the tremendous scope of biological systems 
as indicators of toxicity and resource potential The rapid growth of industries, urbanization 
and unjudicious planning without due regard to sustainable development are leading to 
serious environmental hazards The destruction of ecological balance has a snowballing 
effect on the biosphere and the entire life support system is rapidly facing extinction In 
every sphere of human endeavour, the use of biological sources provides elegant devices 
which do not jeopardize the maintenance of the natural ecosystem The nonrenewable 
sources of energy responsible for serious pollution hazards are being replaced gradually by 
alternative sources, in which bioenergy plays a very important role In agriculture, biological 
fertilizer is being widely used for enrichment of soil and elimination of the hazards of 
pollution so characteristic of chemical fertilizers. Biological control of pests and diseases is 
more effective than the insecticides and detergents Biological systems as indicators of the 
environment too have a remarkable potential in the forecasting of disasters, prevention of 
pollution, exploration, and conservation of natural resources, all ultimately geared towards 
sustainable development with the minimal destruction of our biosphere. I wish that the 
symposium will lead to the enrichment of our knowledge of this tremendous potential of 
biological systems and their application to human welfare. 


M 



RECOMMENDATIONS 


General Recommendations 

1 Researches to identify simple and effective bioindicators should be encouraged and 
the biomonitoring procedures may be standardized for wider use in developing 
countries. In this connection, the programme initiated by IUBS on biomoni- 
tormg may be strengthened to promote such activities in an effective manner. 

2. Response criteria in biomonitors be elaborated and quantified with respect to 
selected morphological, physiological and biochemical variables. 

3. Simple and inexpensive methods such as estimation of biological quality index 
and pollution load index should be developed for monitoring efficient discharges 
and environmental resources management and appropriate funding arrangements 
may be made 

4 Standard methods and procedures pertaining to sample design and biomonitoring 
methods and responses should be published and widely circulated amongst the 
workers in the field 

5 Plant species in differenl geographical regions should be systematically screened 
with respect to their sensitivity level to air pollutants following standard methods 
and using multiple parameters at community, individual organismic and cellular 
levels For short-term biomonitoring of air pollution, pollen-tube elongation 
criteria may be developed as a standard method Other plant organs and plant 
parts may also be screened for developing short-term bioindicators 

6 Realising the importance of special physico-chemical environment of tropics and 
subtropics, biomonitor methods for use in such nutrient-rich environment may be 
given special emphasis 

7 Environmental pollution data for different regions may be compiled and used for 
comparison with plant and animal biomonitoring responses 

8 Effective mechanisms and practices should be developed to collate and synthesise 
the available information on bioindicators in the form of a data bank and arrange¬ 
ments should be made for the effective dissemination of such information to the 
various countries 

Specific Recommendations 

1 Basic studies on the mechanism of respiration of the bioindicator fish and other 
organisms need to be expanded 

2. Use of mucous as an aid for diagnostic analysis of pollution levels and their 
effects. 



3 Emphasis on bacterial, algal and zooplankton counts with complex interrelation¬ 
ship in polluted and unpolluted water of rivers and reservoirs should form part of 
biomonitoring programme in acquatic environment. 

4. Identification of appropriate indicator soil organisms such as earthworms and 
others for assessment of soil pollution. 

5. Wide publicity of moss-bag technique as bioindicator. 

6 Strengthening of researches on bioindicator of heavy metals in various ecosystems. 

7. Biomonitoring of pesticides may be encouraged—assessment of pesticide load in 
human beings through the analysis of placental cord, blood and breast milk. 

8. Modern techniques of molecular biology such as immunomodulation to monitor 
various communicable diseases in man and animals. 

9. Emphasis on cardiovascular response, heart beat measurements in developing 
stress indicators of xeno-biotics 

10. Emphasis on microcosm studies to analyse biological processes and ecosystems as 
affected by pollutants and comparison at the field level. 

11. Dialogue between administrators and scientists for promoting application of 
bioindicator methods. 

12. Establishment of an integrated programme on human health and welfare involving 
bio-pollution of the environment caused by air-borne organisms like pollen and 
spores responsible for allergic disorders. WHO is urged to support the activities 
in the field of bioallergens including preparation of pollen and spores atlases 
to provide information to the masses on likely allergic disorders. 
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Bioindicators in Monitoring the State of the Environment* 


J SAIANKI 

( Chairman , Bioindicators Programme of 1UBS) 

Biological Research Institute, Hungarian Academy of Sciences, Tihany, Hungary 8237 


Development of science and technology during the past century has transformed conditions ,*nd 
quality of human life. All around the world, especially in the industrialized countries, it resulted 
in the multiplication of the production of goods, in abolishing the earlier so-common epidemic 
diseases, and in lengthening the life itself. 

Introduction of new technologies, the effort for an unlimited growth in agricultural and indus¬ 
trial production—often accompanied with a financial eagerness—caused besides favourable 
changes also unexpected, harmful effects, jeopardising nature and the environmental conditions 
of living, including human, beings. The science of environmental toxicology, specialized to the 
investigation of toxic substances, to the discovery of the mechanism of the effect of toxicants, 
has made a significant development, practically during the past SO years, in the interest first of 
all of men, but also of other living organisms necessary to sustain mankind. It is a common 
practice today that all substances, which will be contacted as products or byproducts with 
living organisms, should undergo detailed control before getting into use or before releasing 
them into the air, soil or water as waste material. One can state that toxicological control, if 
its results are taken seriously m the daily practice, can prevent harmful effects of substances 
originating from human activities, and dangerous situations can be created only as a result 
of accident or if anthropogenic toxic substances are treated carelessly 

One should recognize, that such situations occur rather often. Poisoning and death of 
animals and men, as a result of lack of knowledge or care, are recorded frequently even 
today, but it was more numerous m previous years. One example of such cases is when farm 
labourers are poisoned because they disturb the rule i.e, keeping away from fields where toxic 
substances were dispersed. In other cases, animals are killed because pesticides or soil ferti¬ 
lizers are transported or used m an unappropriate manner, and so on. Such types of poisoning 
—although caused by anthropogenic substances—cannot be considered as a result of 
environmental pollution and hence can be avoided comparatively easily Similarly, death of 
living beings, as a result of massive oil pollution of the sea, cannot be accepted as a disaster, 
since preventive measures can be adopted against such cases Much more difficult, however not 
impossible, is to get away from the products of combustion, which may cause pollution far 
away from the output, and also from very low concentrations of pollutants, heavy metals and 
other chemical substances arriving into the soil, air or surface waters. In most countries, there 
are governmental agencies for the protection of the environment; which control regularly the 
limits for various toxic substances before arriving into the environment, however, these limits 
are restricted in most cases to avoid acute poisoning among men and m the immediate 
surroundings. 

*Keynote address 



2 J Salanki 


Today, more and more attention is paid to a more fundamental protection of the environ* 
ment, both, at national and international basis. International programmes, like Men and 
Biosphere initiated originally by the International Union of Biological Sciences—received wide 
recognition and a large amount of research was accomplished in the framework of this 
scientific programme. Two years ago, the IUBS launched another programme in order to 
improve protection of the environment, and this is the “Bioindicators” programme. 

Bioindicators can be used in monitoring the state of the environment and the aim of the 
programme is to encourage scientists, as well as scientific bodies, to develop and improve 
biological methods indicative of hazardous substances occurring in the environment. 

There are different ways to signalize the presence of substances or the biological effect 
of substances occurring m the environment as a result of human activity. Physical and 
chemical methods are very important, nevertheless, the best methods are the biological ones, 
because they use biological objects in the detection and evaluation of the pollutants’ effect 
which are in nature the target of the undesirable harmful influences. What is important is 
to use sensitive biological methods which may be evaluated quantitatively, are repeatable, 
reliable, and can be used in any part of the world. 

There are a variety of biological systems which can be used m indication of harmful 
anthropogenic substances, and the IUBS programme divides them into six subgroups, 
according to six biological disciplines. 

We are considering the following areas: 

Microbiology 

Microbes are rapid detectors of environmental pollution both in water and in soil. There are 
microbes, specifically sensitive to some substances, while others take part in decomposition 
of pollutants. The elimination or abundance of species can be indicative of changing 
environments. Alteration of the microbial communities and reduction of diversity of species 
can be the result of the presence of specific toxic agents. 

Botany 

Sensitive species may be employed to detect and monitor specific air pollutants. The taxa 
involved include a wide range of higher plants, non-vascular plants, lichens and fungi (leaf 
yeasts). Both long- and short-term effects may be detected by an appropriate choice of 
organisms 

Tolerant or indicator species are used to determine the incidence of particular soil 
conditions. Currently, species indicative of soil pH, fertility and high metal concentrations, 
may be used in mapping. 

Zoology 

Study of both individual species and entire community can provide valuable data regarding 
the accumulation of chemicals in animals Accumulation occurs to different extents in 
different organs and studies of this kind enable more effective choices to be made of suitable 
indicator species. Accumulation of chemicals within the food chains and consequently higher 
levels of toxicity m human foodstuffs can also be indicated by a suitable choice of species 
for routine study 



Monitoring the State of the Environment 3 


Cell Biology and Genetics 

An analysis of cellular and sub-cellular components of organisms, including chromosomes, 
adapted to specific environmental conditions, forms an excellent parameter for biomdicators. 
Numerous test systems have been and can be established, both short and long term, in vivo 
and in vitro to monitor the changes caused by different environmental agents. 

Comparative Physiology 

Many animals show behavioural responses following the detection of environmental changes 
by then: sense organs. Once a pollutant has reached an animal, it comes into close contact 
with the surface of its skin and respiratory system where rejection reflexes may be elicited. 
Some pollutants so change these surfaces as to interfere with vital ionic and gaseous exchanges. 
Other pollutants are present in the food and may be rejected by the feeding mechanism or 
may enter through different regions of the digestive tract. Finally, after entering the animal, 
such chemicals can influence the functioning of the endocrine, nervous, muscular, 
cardiovascular and excretory systems. Such changes in function may be investigated at the 
morphological, biochemical or physiological levels and can signalize the presence of hazardous 
substances. 

Hydrobiology 

The actual distribution range or spectrum of individual species in relation to water quality 
may be used in bioindication of environmental changes. It is necessary to find appropriate 
indicator species for particular toxicants, such as heavy metals, pesticides or any other 
synthetic chemicals and acidic environments 

Various diversity indices can be applied to indicate the quality of environments 

Many organisms have served for the residue analysis of chemicals and accumulation 
of toxic elements Wide range surveys using standard organisms should be extended. The 
occurrence of deformed organisms can be indicative of the degree of pollution. Long-term 
exposure to sublethal concentration of toxic chemicals has often resulted in the impairment 
of growth and reproduction This aspect should be studied more m the future. 

Harmful consequences of pollutants are often not expressed at an early stage to enable 
detection by acute toxicity tests Further, large groups of animals and plants are today out 
of the attention from this point of view. Also, day-by-day a number of new substances are 
appearing both as products and byproducts, which too need biological testing. Therefore, 
biological researches must be carried out permanently to ascertain if a substance in question 
has an undesirable effect on the whole organism or on some of its function, even if it is 
not dangerous to the life The whole living kingdom should be taken into consideration 
from bacteria and viruses to men, and it should be extended to the living capability of 
species and populations Mam emphasis of the investigations should therefore be on vitality 
tests on the one hand, and search for sensitive organisms or functions which are suitable 
to signalize and measure very insignificant damages, on the other hand. 

The question arises* when looking for substances causing damage to organisms, 
what can we consider as an anthropogenic pollutant? In reality, a number of these substances 
are permanently present, sometimes in very high concentration, in the nature (minerals), while 
others are products of the human activity 
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Some of the substances occurring in nature can be harmful for the organisms if they 
go mto the body, through the alimentary canal, skin or respiratory organ, in high 
concentration. 

At first, workers of mining and metallurgy were exerted to the effect of lead, copper 
and other heavy metals as well as toxic gases containing sulphides and other dusts. Heavy 
metals are used today directly or in the form of compounds m industrial technological 
processes or they are components of various preparations. Mercury is known as component 
of fungicides, pharmacons, disinfectants, and arrives regularly into the environment. Lead 
is practically constantly present m the air where gasoline is used in motor cars. Zinc and 
copper, apart from industrial use, are a permanent factor in the wastes of cities and also m 
some of the pesticides used in agriculture. Besides industrial waste, cadmium reaches the 
environment as an impurity of phosphates used m fertilizers. 

Products containing heavy metals are widely used m pharmacology of men and animals. 
Besides, factories producing pharmacons, dyes, electronic devices, release large amount of 
toxic metals into waters and the air So, human activity concentrates, solubilizes or releases 
natural substances, in high concentration, into the environment, which would, not otherwise, 
reach toxic, cone, as a result of slow geochemical processes. Among harmful anthropogenic 
substances one should mention acids and alkalies In a large-scale industry, solvents 
having pH other than neutral are used and released at a phase of the technological process 
mto sewage From this point of view, the most dangerous are the chemical factories, paper 
factory, tannery, but acidic ram comes from burning of sulphur-containing cool water 

Considering radioactive waste as a substance of anthropogenic origin, which can be 
surmized that radioactivity can reach different levels at different regions of the earth, it can 
be dangerous biologically, further as a result of human interference Most dangerous would 
be the use of nuclear weapons, but also unappropriate procedure in atomic plants or even 
m laboratory conditions can be harmful for health. 

Most of the harmful substances, however, are direct products of human activity. These 
chemical substances are present all the time in our life—in household, industry, agriculture, 
hospitals and even m cosmetics. Some of these substances are produced as toxicants, 
like insecticides, fungicides, herbicides, bactericides, which affect usually the internal 
processes of the organisms at cellular, subcellular, and biochemical levels. However, the 
effect of these drugs is usually wider than it would be desirable Therefore, the use of these 
substances, even m controlled conditions brings about sublethal effects among useful living 
organisms For example, chemical war against mosquitoes diminishes the total insect fauna 
in the region in question, resulting in the unbalance of the ecological system 

The effect of anthropogenic pollutants can be very different in various organisms and 
systems. Good biomdicators are those which are sensitive enough to the pollutants even 
at low levels Low levels of pollutants may not damage the organism, but change 
physiological or biochemical processes and decrease resistance or diminish adaptation 
capacity of some organisms 

Long-term or repeated exposure to the pollutants, however, can result m serious 
damage or killing of the plants or animals Individual damages among most sensitive organ¬ 
isms may cause changes within the population For instance, in case of some of the species 
which are more sensitive to pollutants than others, their number can dimmish and so alteration 
of species-composition or diversity of species in the ecosystem will indicate the presence of 
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pollutants. In this way, the acidification of rivers results m the reduction of diversity in the 
species community, when acidophilic organisms become prevailing. A similar effect can 
be observed during lake-eutrophication, when blue-green algae become dominant species. 

Among sublethal effects of pollutants, the influence on immunological processes is also 
important and may be indicative. One of the pollutants may evoke immuno-sensitivity, 
while others may cause immuno-depression. Both can be undesirable for the organism, as 
well as may be indicative of environmental pollution. As a long-term effect, genetic 
changes may also occur, resulting m increase m the mutation rate, which can cause 
unexpected or unforeseen changes among sensitive species 

Being a comparative physiologist, working with aquatic animals, I would like to present 
here some of the results concerning bioindication of heavy metal pollution. 

(1) One of the ways of monitoring heavy metal pollution in the environment is the 
measurement of their concentration m various animals. Organisms are different from the point 
of view of accumulation, one should select species which have high accumulation capacity, 
namely, which take up substances present m the environment at low concentrations 
easily and retain them for a long time in their body Bivalves have been used by American 
workers for such studies (see Muscle Wach in the USA). In Hungary, Anodonta cygnea and 
Umo pictorum have been used to monitor heavy metal pollution of Lake Balaton. 

In agreement with previous reports, we found that cadmium, copper, lead, mercury 
and zinc being the most abundantly occurring toxic heavy metals, are accumulated considerably 
in freshwater mussels—the rate of concentration as compared to the water reaches in various 
organs from 1000 to 10,000 times (table 1) The highest concentration of these metals was 
found m the gills, kidneys and foot (the latter containing the viscera), while mantle and 
adductor muscles showed lower concentrations of metals. Samples taken from different 
localities of the Lake showed a 20-30 % variation in the metal concentration, referring to 
the different rate of pollution of these localities 


Table 1 Rate of concentration of some heavy metals as compared to the Balaton-water m the gills of the mussel 
Anodonta cygnea L and Umo pictorum L 



Anodonta cygnea L. 

Unto pictorum L 

Cd 

4 6x10* 

6 8x10* 

Cu 

2 3x10* 

2 8X10* 

Hg 

1 6x10* 

2 2x10* 

Pb 

2 4 x 10* 

1 2x10* 

Zn 

81x10* 

5 5x10* 
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Measurement of metal concentrations gives reliable information about the level of 
pollution for a given period. However, very often the extent of pollution changes, due to 
fitiangas of the output and of the dilution The question arises, whether mussel’s tissues 
will reflect the changes of metal concentrations in water or not, i.e, whether mussels can 
be used as bioindicators for detecting changes in the level of heavy metal pollution of 
waters, or not. 

We placed mussels with comparatively low metal content into the mouths of some 
streams and rivers, running into the Lake Balaton Samples of transplanted mussels were 
drawn every second week, and metal concentrations in different tissues were estimated. 
A considerable variation was found in the case of some metals (figure 1). Although, there 
existed in most cases a clear tendency for the increase of the concentrations, time to time a 
drop of the concentration occurred. We concluded that in a few weeks period, an increase 
or decrease could occur m the water and consequently the meal concentration of the tissue 
also changes This being the case, mussels may indicate not only the general level of 
pollution in an area, but also the variations in the level of pollution at a time, when 
chemical analysis of water will not show any sign of temporary alteration of heavy metal 
concentration. For determining heavy metal concentration in the mussel, laboratory 
experiments with Cd and Hg were done both for uptake and depuration. 

The results show clear differences in the uptake and release of these two metals. It 
was found, that in the first hour of exposition, the uptake of Hg was considerably enough 
into the gill, kidney, adductors, while Cd was taken up only by the kidney During 
the first 24 hr, Hg partly depurated from the tissues, while Cd m the kidney stayed at a 
high level In all other tissues, Cd accumulated only insignificantly (figure 2) Exposition for 
several weeks resulted in the accumulation of both the metals m all tissues attaining different 
values (table 2) 

Depuration experiments also showed different values for Cd and Hg Animals after 
5-week exposition to uncontaminated Balaton water showed loss of heavy metals from 
various tissues, e.g half of the Hg was released withm 1-2 weeks from the kidney, adductors, 
foot and mantle, while the gills retained more than 50% of Hg beyond 5 weeks In case 
of Cd, the half depuration time was 3 weeks for the mantle and gills, and more than 4 
weeks for the adductors The release of Cd from the kidney and viscera during 4 weeks was 
not significant at all Figure 3 shows the uptake and release of Hg and Cd into and from 
the adductor muscles The increase of Hg concentration during depuration refers to the 
fact, that there is a loss of weight of the tissue, while Hg content does not change and so the 
value expressed as 0*g) dry weight increases. 


Table 2 Concentration (ug/g dry weight) of mercury and cadmium in various tissues of Aaodonta cygnea after 
5 weeks long exposition to 12, 9 yg/l Hg *+ ( HgCl 2 ) and 12, 6 ug!l Cd'+ (CdSO 



Gills 

Foot/viscera 

Adductors 

Mantle 

Kidney 

Hg 

21.4 

22 9 

17 9 

53 4 

249(1) 

Cd 

77 6 

50 6 

21 8 

75 6 

649 
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Figure 1 Variations m the concentration of Hg, Cd, Cu and Pb between 15 04 and 30 09 1981 m the gills 
of clams (Umo sp.) collected in open Lake Balaton water and transferred to the Zala River (meaniSEM mg/kg 
dry weight) 
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Figure 2 Accumulation of mercury and cadmium into different tissues of Anodonta cygnta L. exposed 
10 Mg/1 Hg* + (HgClg) and 16 Mg/1 Cd a+ (CdSO*) solutions durmg the first 24 hr 
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Figure 3 Uptake and release of Hg*+ (upper) and Cd*+(lower) by the adductor muscles of Anodonta cygnea 
in laboratoiy experiments. Broken line marks half depuration level and time (T £) 

Consequently, mussels are good indicators of heavy metal contamination of water— 
not only in detecting the pollution itself, but with repeated sampling they can be used for 
monitoring of temporal, transient loading. However, m this case one should take into 
consideration the time course of uptake and depuration for different organs and metals 
To obtain reliable information in this respect, further studies are necessary. 

II. Besides accumulation, heavy metals also influence the behaviour of mussels and 
affect pumping and filtering activities which can be used for monitoring heavy metal action 

Pumping activity depends on the functioning of the adductor muscles, which can be 
recorded both m laboratory conditions and m the nature In good conditions, mussels are 
filtering most of the time, however, the active period alternates time to time with the rest 
periods when the shells are tightly closed (figure 4a). Recording the position and 
movement of the shells, one can judge the changes in the pumping behaviour With the 
increase of Cd 2 + concentration in water, considerable shortening of the active periods 
occurred (figure 4b) Similar results were observed by using other heavy metals, like 
mercury and copper 
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Figure 4a Standard activity pattern of Anodonta cygnea living in good conditions 

b, Change of the activity of Anodonta cygnea after addition of CdCl 9 (10-* g/1) into the water (arrow) 


The monitoring of pumping behaviour in standardized laboratory conditions is a good 
method for indicating the undesirable effect of a large number of water-soluble chemicals 
The decrease of the pumping activity has its reducing influence also on the uptake of oxygen 
and food by the animal, as well as on the water-cleaning process of mussels. 

Ill The mechanisms of the effect of heavy metals on the behaviour of the organism can 
be very different in different cases. The respiratory enzymes, receptors of sense organs, 
metabolic processes, as well as the nervous system can be the target of action Currently, 
we are contemplating experiments on the effect of heavy metals on the nerve cells of the snail 
Lymnaea stagnalis. Besides the question as to whether heavy metals influence the membrane 
properties of neurons, we wanted also to ascertain whether such a preparate could be 
indicative of sublethal harmful effects of anthropogenic pollutants 

The method is a conventional microelectrophysiological one On isolated brain 
preparate, the resting and action potentials are recorded with glass microelectrodes. In 
control experiments, we checked the chemical sensitivity of selected neurons to acetylcholine, 
serotonin or dopamine, then, after bathing the preparate in the solution of mercury or 
cadmium, the response of the neuron to the above neurotransmitters was recorded. 
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Figure 5 a-b Change of chemosensitivity of neurons of Lymnaea stagnahs to serotonin (5HT) after treatment with 
CdClj a, to ACh after treatment with CdCI,, and b, In the former case inhibitory effect of 5HT was eliminated, 
in the latter ACh became stimulatory Both SHT and ACh were applied locally to the neuronal membrane 
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We found that m about 20% of the cases, the chemosensitivity of the neurons changed 
after treatment with 10" * mol/1 solution of the metals. The modification of activity was 
rather variable in different neurons. In some cases chemosensitmty was lost (figure 5a), 
while in other cases it was acquired (figure 5b). Either type of the effect of heavy metals 
can influence profoundly the mterneuronal relations within the nervous system, which is 
ultimately the change of the neural regulation responsible for the animal’s behaviour. Change of 
adaptability, avoidance reaction or excitability may occur also as a result of neural disbalance, 
evoked by the substances through membrane processes of individual neurons. It is rather 
difficult to explain today, whether heavy metals influence specific receptor structures of the 
transmitters, or they act post-synaptically, and whether they have any effect on ionic channels 
or on the intracellular metabolism. 

Nevertheless, it seems that testing of membrane effects of heavy metals, pesticides or 
other anthropogenic substances can give valuable information about the possible neural effect 
of these substances and the method can be used as a bioindicator test at cellular level. 

During this symposium, a number of other examples will be presented for using 
biological material as indicator of environmental pollution, showing that there is a considerable 
amount of data on bioindication m different fields of biological research. In this relation, 
die aim of the Bioindicators Programme of the IUBS is to collect information about existing 
methods, to promote exchange of experiences between different laboratories, and to help 
dissemination of recent knowledge among different countries. We would like also to provide 
literature about bioindicators including different reference lists, general description of 
methods and practical manuals suitable for distribution to interested bodies. 

IUBS plans also to organize scientific meetings, like the present one, in cooperation 
with national bodies, or international organizations, including international meetings, and 
also training courses in various regions of the world in order to help the use of scientific 
results on biomdicators to the protection of our environment. 
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Why Microorganisms are Useful Bio-indicators ? 

Microorganisms possess morphological, physiological and genetic characteristics which make 
them a very good “early warning system” for pollution, since they signal changes when such 
changes may still be reversed. 

The structure of microbial communities alters rapidly as the microbial populations respond 
to external changes m order to maximize their chance of survival and to optimize their growth 
rate Besides this, their small size favours distribution by currents and, when attached to particu¬ 
lates, micro-organisms settle to become incorporated in the sediment and often colonize at the 
watersediment interface. 

Bacteria may contain, in addition to chromosomal DNA, smaller, circular free DNA, termed 
plasmids Transfer of plasmids from one cell to another may occur within a short time, usually 
by physical contact between cells, i e conjugation, or by transfer through a virus, i e., transduo- 
tion Following transfer of a plasmid, the acquired plasmid molecule replicates m the host cell 
and is, transmitted to, and replicates m the daughter cells The recipient can, thereby, m turn, be 
a donor Many plasmids carry antibiotic resistance, as well as metal tolerance determinants Thus, 
the potential for very rapid dissemination and a exponential multiplication of plasmids m the 
environment may constitute an increasing danger to the public health, in certain cases, notably 
in the aquatic environment which favours such dispersion through cell-to-cell contact, especially 
with the introduction of large numbers of plasmid-carrying bacteria which occur in sewage. 

Since pollution can be caused by the introduction of a wide variety of organic and inorganic 
materials, microorganisms can be used to measure the extent of the pollution (a) in the case of 
domestic sewage, microorganisms are a direct measure of biological pollution by enumeration of 
pathogens, and ( b ) m the case of non-biological i e physical or chemical pollution, microorga¬ 
nisms play the role of bio-indicators of pollution giving response to these parameters. 

Potentially, pathogenic microorganisms are difficult to isolate directly from the natural en¬ 
vironment, often being present m small numbers, with methods used for isolation and characteri¬ 
zation, not originally designed for microorganisms exposed to environmental stresses, i e changes 
in salinity, temperature and nutrient concentration In many countries, over the past fifty or more 
years, the occurrence and distribution of human pathogens in the environment has been measured 
indirectly, by means of “indicator organisms” being a potential hazard of enteric pathogens 
is assessed by counting the number of selected accompanying organisms, such as the faecal 



14 Micheline Bianchi and Rita Colwell 


coliforms or other selected species, viz., Escherichia coll, Pseudomonas aeruginosa, Streptococcus 
faecahs or Clostridium perfrmgens. 

Unfortunately, the direct association of numbers of “indicator organism” with numbers of 
pathogens is not firmly established. The validity of such results are in question and new concepts 
and methods have been proposed. 

Many compounds, both organic and inorganic, enter the aquatic environment through 
effl uents from agricultural, chemical, and industrial processes, with resulting alteration of the 
microbial communities. For example, dominance of Aeromonas and Klebsiella spp are known 
to occur in domestic waste waters. 

In the case of inorganic nutrient input (N, P), a change in the environment from oligotrophy 
to eutrophy is accompanied by chemical, physical and biological changes, in which micro-orga¬ 
nisms play a major role As a result of bacterial mineralization of organic material, the ecosystem 
can become anoxic, resulting m the death of aquatic plants and animals 

In nutrient-rich cold waters, thermal pollution can induce a similar kind of eutrophication 
process. 

In the case of synthetic organic compounds entering the aquatic environment, the rate and 
extent of microbial degradation, 1 e the microbial degradative potential of a given receiving water, 
is often diffic ult to measure, since cultural methods, employed for enumerating microbial popu¬ 
lations and analytic procedures, used to assess net degradation, are not fully standardized. 

Considering interactions between micro-organisms and metals, particularly heavy metals, 
two effects can be demonstrated, that of the metal or ion on micro-organisms and the effect of 
microbial activity on the metal or ion In polluted areas, receiving heavy metals, the number of 
heavy metal resistant bacteria increases, even when the metal is present in very low concentrations, 
viz.<l ppm. On the other hand, organisms possessing or acquiring natural tolerance to one metal 
may also prove tolerant to one or moie than one metals, because of the acquisition of a specific 
plasmid or plasmids. Such micro-organisms can constitute useful “bio-indicators” of pollution. 

Employment of Microorganisms as Bio-indicators 

At one hand, management of aquatic systems and the many pollutants entering them requires 
knowledge of microbial ecology and, on the other, a good bio-indicator associated with a given 
type of pollution is that which indexes the potential risk of a health hazard coincident with man’s 
use of the aquatic environment as a source of water, recreation, or food. 

Thus, the multiplicity' of research areas employing micro-organisms as bio-mdicators has 
resulted m a variety of research on the general subject of “microbial indicators of pollution” It 
is not appropriate here to provide an exhaustive list of work already done in the field, but, instead 
to cite major, more recent results and conclusions obtained concerning (a) micro-organisms as 
bio-indicators of waterborne disease, (b) microorganisms as bio-indicators of physical or chemical 
pollution, and (c) to indicate the fundamental research, generated by the need for taxonomic and 
physiological data on bio-indicators and their relationships with the environment 

Research on waterborne disease indicators began at the turn of the century, but regulations 
enacted in the 1970s stimulated a great deal of research 

It was established, in the context of “risk analysis”, that an indicator: (a) should be consis¬ 
tently and exclusively associated with the source of the pathogen(s), (b) must be present in consi¬ 
derable numbers to provide an “accurate” concentration measurement whenever the level of each 
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of the pathogens is such that the risk of illness is unacceptable; (c) should approach resistance to 
disinfectants and environmental stress, including deposited toxic material of the most resistant 
pathogen, potentially present at significant levels m the source, and (d) should be quantifiable in 
recreational waters by reasonably facile and inexpensive methods with considerable accuracy, 
precision and specificity (Cabelh 1979). 

Over the years, in many countries, a great deal of money was spent on counting total and 
faecal coliforms to assess the occurrence and distribution of pathogenic organisms including 
Saemonella spp. and/or Shigella spp in the environment. 

Yet, at one hand, the behaviour of these allochthonous micro-organisms m the natural 
environment, is related to the autochthonous microfiora dynamics (fiianchi 1977), and on the 
other, the use of indicators requires that the coliforms “die-off” likewise the pathogens. In fact, 
contradictory results have been published on the behaviour of the most commonly used indicator, 
Escherichia coli When counted by standardized methods, E. coli is the first to “disappear” in 
space and time, whereas Sabnonella spp. can still be recovered (Bianchi & Mircea 1976, Kouli 
1983). Furthermore, several investigators, the research of which has been reviewed by Colwell 
(1978), have shown that E. coli cells remain viable, but non-culturable using standard methods, a 
property termed “debilitation” but actually representing a strategy for survival. Xu et al. (1982) 
and Laliberate and Grimes (1982), using immunofluorescence microscopy, demonstrated extended 
survival, even growth, of E. coli, when the organism could not be cultured. 

Some pathogenic bacteria of epidemiological importance, e.g. Vibrio cholerae, V. vulnificus 
and V. parahaemolyticus occur naturally in estuaries and bays (Kaneko & Colwell 1978, Kaper 
et aL 1979, Kelly 1982). A review of places where V. cholerae has already been reported was pub¬ 
lished by Kenyon et al. (1984) This natural occurrence suggests that these organisms are not 
useful indicators of faecal pollution Furthermore, no correlation was found between E coli and 
V cholerae distribution in Chesapeake Bay (Colwell 1979). 

It is important to establish the levels above which the vibrios pose a public health risk. 
Population size, rather than occurrence becomes a key factor. Thus, the use of pathogenic vibrios 
as a bio-indicator and their occurrence m the environment has not only to be qualitatively 
demonstrated, but also quantitatively estimated, posing a clear problem of choice of bio- 
mdicator(s), in the case of waterborne diseases. New methods, based mainly on direct 
observation m samples are now being described by several investigators. 

In using micro-organisms as bio-indicators of chemical pollution, two factors associated with 
the pollutants have to be considered (i) the organic compound to be mineralized, and (u) the 
concentration of inorganic nutrients, e.g N and P. required for biomass production The 
consequent undesirable biotic changes, generally referred to as eutrophication, arising from the 
toxic or refractory organic or inorganic wastes, e g pesticides, petroleum, heavy metals, etc, 
must also be measured. 

Mineralization of organic matter during eutrophication induces an enormous biological 
oxygen demand which can deplete water of oxygen After an aerobic phase, the microbially- 
mediated anaerobic decay of plant and animal material may be malodorous, resulting from 
production of ammonia, hydrogen sulphide, amine, etc, and unsightly as well (reviewed by Higgins 
and Bums 1975, Lorenzen 1978). In nutrient-rich, oxygen-depleted waters, as occur m thermal 
effluents, opportunistic bacteria, including Aeromonas spp, can become predominant, with fish 
kills occurring as a consequence 
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The polluting chemical load may result m an overburdening of the aquatic bacterial 
community, upsetting processes of the native microbial populations Reactions between 
micro-organisms and chemicals may be considered from two aspects, i.e. the effect of the 
chemical on the microorganisms and the effect of the micro-organisms on the chemical. 

Because a great deal of work has already been done on many chemical compounds, intro¬ 
duced into natural waters, this paper will focus only on the “bio-indicator” aspects, hi ghlighti n g 
in vitro tests and/or in situ controls 

Alexander (1979) stated that "micro-organisms are prominent m chemical transformations 
in three ways, they are helpful, they are harmful, and they are fallible", which means that if 
micro-organisms help detoxify the environment, they are also able to generate toxicants during 
the metabolism of previously innocuous substances. Still, some pollutants persist because of the 
inability of micro-organisms to modify them, i.e, they contain refractory molecules. 

Mineralization of organic compounds by micro-organisms is a common fact m microbial 
ecology but all molecules are not necessarily mineralized, a fact which has to be dealt with in 
careful detail by environmental scientists. Many synthetic compounds have not been tested for 
susceptibility to mineralization, yet physical and chemical factors may render a compound much 
more or less susceptible to microbial degradation than under other conditions. 

For chemical compounds, such as polychlorinated biphenyls (FCBs), hydrocarbons, and 
aromatic substrates (cresol, toluene and hexane), laboratory tests of microbial degradability, 
employing pure cultures or co-cultures of micro-organisms suggest only a potential for degrada¬ 
tion in the natural environment (Colwell & Sayler 1978, Alexander 1979, Tagger et al. 1984). 

Mitchell (1978, 1979) suggested a simple and inexpensive tool to indicate, through bacterial 
chemotaxis, the presence of pollutants, including hydrocarbons, heavy metals and PCBs. That is 
the inhibition of the ability of bacteria to detect living or non-living substrates through 
chemotaxis Blockage of inter-microbial predation by pollutants can also play a major role m 
self-purification processes of sewage and waters receiving sewage. Research needs to be done to 
define micro-organisms useful for such bioassays. 

Another property of micro-organisms to be considered in pollution studies or monitoring is 
co-metabolism, the ability to metabolize a compound which cannot be used as a source of energy 
and nutrient Products of co-metabolism may persist for long periods of time and prove to be 
hazardous, as in the case of nitrosanunes from secondary amines (Tate & Alexander 1976). 
Very little is known about the kinetics of co-metabolism processes occurring m the natural 
environment 

In addition to products of co-metabolism, certain classes of molecules viz. synthetic polymers, 
alkyl sulphonates, chlorinated phenols, etc., are termed recalcitrant molecules because of their 
longterm persistence m the environment, regardless of whether or not they are biodegradable 
(Alexander 1975) Since microbial degradation cannot be examined in isolation from the physical 
and chemical environment, additional research is needed to establish structural characteristics 
that account for, or are correlated with, resistance of organic compounds to microbial miner¬ 
alization or co-metabohsm (Alexander 1979). 

Among the chemical pollutants, heavy metals assume a doubly important position Although 
bacteria are able to remove certain toxic metals from the environment, microbial biotransfor- 
mations have also been found to result in the incorporation of heavy metals in the members of the 
food chain (Iverson & Brmckman 1978, Burke & Colwell 1981). As a result of their metabolic 
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activities, micro-organisms produce a great variety of products which solubilize, precipitate, and 
chelate metal ions. 

Micro-organisms can also develop tolerance to what may initially have been toxic concen¬ 
trations of heavy metals, after prolonged exposure, demonstrated in sediments of Chesapeake 
Bay (Colwell & Nelson 1975) and in mediterranean sediments (Gauthier et aL 1981). 

Research on microbial bio-indicators should be related to in situ situations and the dynamics 
of pollution, for waterborne disease indicators. The lack of statistical bases for data collected in 
many cases results in a lack of interpretation or, worse, misinterpretation of the data To assess 
the behaviour of microbial populations m a given environment, whether or not subjected to stresses 
arising from pollution, it is important to be able to assign biological relevance to the various 
terms included m any mathematical analysis (Slater 1979). El Shaarawi and Pipes (1982) evalua¬ 
ted dilutions, counts, and die-off related to changes m indicator densities, with respect to statistical 
inference Correlationships between bacterial capabilities and environmental factors in polluted 
areas have been obtained using a very helpful mathematical method, i.e. factor analysis (Arfi 
et aL 1979, Kouli 1983, Holder Franklin & Wuest 1983). 

As in the case of macroorganisms, predictive modelling of microbial bioindicators is needed 
and will very likely be done within the next few years. 

Interactions of Microbiology (and Microbiologists) with other Disciplines (and ether Scientists) 
involved in Environmental Surveys 

The size of micro-orgamsms(micro-scale) allows them to colonize virtually all of the space offered 
by any environment. The composition, structure, physiological capabilities and genetic potential 
of micro-organisms are directly influenced by environmental conditions during growth. Thus, 
environmental modification will result in selection of specific micro-organisms displaying specific 
activities. 

The ubiquity, diversity and rapid metabolic activity of micro-orgamsms make them an impor¬ 
tant part of the natural ecosystem The intimate association of micro-organisms with physical, 
chemical and biological components of their environment also make them the “first stage of 
action ” 

In surveys of pollution, when the goal is to define and model in situ compartment of selected 
microbial indicators related to unusual or stressed environments, microorganisms must be studied, 
not only as unicellular organisms, but also included along with other descriptive parameters of 
pollution, especially within the given space and time evolution of an event. 

Multidisciplinary projects have been carried out, notahly in field studies, using mathematical 
tools and covering wide-ranging data bases. Principal component and factor analysis were em¬ 
ployed by several investigators (Roswall & Kvillner 1978, Arfi et al. 1979, Holder-Franklin & 
Wust 1983) and more sophisticated mathematical analyses, such as spectral analysis by Blanc 
and Bianchi (1979) The published results reveal strong correlations between the quality and 
activity of microbial populations and diurnal, seasonal and geographical changes m the environ¬ 
ment, implying concomitant changes in temperature, dissolved oxygen and/or hydrocarbon 
concentration, depending on human activities, associated with the event and with spatial spread. 
From a more basic point of view, bacterial processes, such as survival, biodegradation or co- 
metabolism of organic compounds, sensitivity (chemotaxis), and metabolism of heavy metals or 
refractory compounds, are all related to physical conditions, i.e. exposure time, temperature. 
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chemical factors (salinity, pH, etc) and biological parameters, such as symbiosis, parasit 
etc. 

In conclusion, it is not only reasonable, but obvious to include the study of micro-orgam 
in all multidisciplinary studies of environmental problems and in environmental managemen 

Future Prospects 

As the knowledge base of environmental sciences increases, the microbial ecology of pollut 
especially the aspects related to waterborne disease indicators, biodegradation, detoxifica 
and associated aspects must be developed, as discussed below. 

Basic research directed to the understanding and prediction of microbial processes mus 
done, at least to make possible estimation of microbial hazards in the natural environment 
may affect pubSc health. 

Genetic aspects of microbial populations in the natural environment must be expanded 
applied 'appropriately in environmental monitoring and analysis, as in the case of plasn 
associated with heavy metal and drug resistance (Colwell 1984) The mechamsm(s) by wl 
such characters ate transferred in the environment from one bacterial strain to another, e 
among species belonging to different genera, will need to be understood better There is a sen 
lack of information concerning the ecological significance of plasmids and their transfer am< 
bacteria in the environment ■ 

Microbial transformations of xenobiotic compounds must be explored and exploited I 
well established that, m natural environments, micro-organisms play a major role m degradat 
of xenobiotic compounds, but most of the compounds studied have not been tested for susce] 
bility to mineralization by micro-organisms 

The.research work of Tiedje and his colleagues, published in 1979, remains to be appliec 
environmental problems In particular, the binding of xenobiotics to sediments or organic ma 
in nature, the behaviour of xenobiotics at low concentrations, and/or under anaerobic conditi 
need to be understood more completely and applied to practical situations Co-metabolism. 
the use of reliable assay systems used for environmental assessment need to be studied m m 
detail for practical use 

Appropriate microbiological methods for isolation, characterization and identification 
autochthonous micro-organisms in nature are needed Environmental microbiology is prese, 
impeded by the .difficulties of isolating, identifying, and classifying species and genen 
micro-organisms in the natural environment, especially those stressed by pollution 

.Statistical methods and mathematical modelling should be more rigorously and wic 
applied. The nature of micro-organisms i S such that microbiologists will have to seek 
conventional methods as compared to zoologists and botanists, for analyzing populations . 
functional relationships in the environment Unfortunately, in the past, very little attention 
been paid to statistical analysis of data, collected m ecological studies 

Sampling strategies should, in future, be constructed so that morphological and physn 
gical characteristics of micro-organisms are taken into account and, until practical laborat 
methods for microbiological analyses are available, the statistical validity of conclusions drt 
from ecological studies will be required Environmental microbiologists need suitable mathem 
cal models for quantitative assessment and prediction of effects of pollution on micro-orgams 
An important feature of such models will-be to incorporate an understanding of the effect! 
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physico-chemical parameters on the dynamics of microbial populations (Slater 1979). In every 
case, a reductive approach i e a microbiological view, should be integrated into the more global 
approach of modelling ecosystems. 

To avoid most of the difficulties, encountered in the enumeration and characterisation 
methods presently used, standardized methods will have to be devised. A good indicator has to 
be simple and easy to employ, but also inexpensive. The best indicator is that which makes it 
possible to identify and quantify factors in crude samples. 

With increasing use of direct counts of micro-organisms by epifluorescence microscopy 
(Hobbie et al. 1977), estimation of the total number of micro-organisms is relatively well 
established, offering the opportunity to calculate through biovohime, the microbial biomass. Yet, 
m spite of improved accuracy of the enumerations provided, this method remains difficult 
to use for sediment or heavily loaded particulates. 

To determine more precisely those micro-organisms of pathogenic potential (Xu et al. 1982) 
or indicative of faecal pollution (Munro Sc Bianchi 1984), immunofluorescence microscopy 
offers significant advantages The potentiometric measurement of lipoic acid reduction (Chamere 
et al 1984) also permits detection of E coli in natural samples. 

Thus, a new generation of direct detection methods is on the horizon. These are not expensive 
and relatively easy to use. Indeed, they may show the way for future possibilities for new 
bio-indicators in the coming years. In any case, the new methods offered to date and those, yet 
to be developed have to be considered carefully, as replacement of the less satisfying, less efficient 
and rather expensive methods now in use 


References 

Alexander M 1979 Helpful, harmful, and fallible microorganisms : importance in transformations of chemical 
pollutants, m Aquatic Microbial Ecology Proceedings of the Conference sponsored by the ASM 7-10 February 
1979edsRR Colwell and J Foster (University of Maryland, College Park: A Maryland Sea Grant 
Publication) 110-123 

Arfi R, Bianchi A and Bianchi M 1979 Etude de revolution des populations bactenennes d’origine tellunque, 
ent&ique et mann, dans des syst&ms planctomques soumis 4 une pollution urbaine. Traitement mathdmatique 
des donndes, Canad J Microbiol. 25 1073-1081 

Berk S and Colwell R R 1981 Transfer of mercury through a marine microbial food web; J experiment marine 
Biol Ecol 52 157-172 

-and Mircea V1976 La dispantion d’ Escherichia cob en eau de mer. Experiences en enceintes dyalisantes, 

Rapp. Comm, mt Mer Medit. 23 95-96 

Bianchi A 1977 L’dtude de la structure des populations bactenennes dans les zones pollutes. Rev mt Oceaitogr 
Med Tome XLVH 161-170 

Blanc F and Bianchi M 1979 Essai de determination des structures fines des populations bactenennes dans un 
6cosyst4me soumis a une perturbation. Emploi de 1’analyse spectrale, Colloque “Microbiologie 1979— 
Bactgnes et Protistes”, Gif sur Yvette, mat 1979 

Board R G and Lovelock D W 1973 Sampling Microbiological Monitoring of Environments (London & New York. 
Academic Press) 267 pp 

Cabelli V 1979 What do water quality indicators indicate ? in Aquatic Microbial Ecology Proceedings of the 
Conference sponsored by the A S M 7-10 February 1979 eds R R Colwell and J Foster (University of Maryland, 
College Park A Maryland Sea Grant Publication) 305-336 

Chamere G, Jouenne T, Lemeland J F, Selegny E and Junter G A 1984 Bacteriological analysis of water by 
potentiometric measurement of lipoic acid reduction Prel imin a r y assays for selective detection of indicators 
organisms, Appl. Environ Microbiol. 47 160-166 



20 Micheline Bianchi and Rita Colwell 


Colwell R R and Nelsons J D 1975 Metabolism of mercury compounds In micro-organisms Ecol. Res. Sci. 
Envir onmental Research Laboratory USEPA Narraganset, Rhode Island, 83 pp 

r ._ 1978 Bacteria and viruses indicators of environmental changes occurring in estuanes; Environ Intermit, 1 

223-231 

_and Sayler G S 1978 Microbial degradation of industrial chemicals; in Water Pollution Microbiology vol 2 

pp lll-134edRM Mitchell (New York : Wiley Inter-Science) 

_ 1979 H uman pathogens m the aquatic environment, m Aquatic Microbial Ecology Proc Conf. sponsored by 

the American Society for Microbiology 7-10 February 1979 eds RR Colwell and J Foster, (University of 
Maryland, College Park : Maryland Sea Grant Publication) 337-344 
Dart R K and Stretton R J 1977 Microbial Aspects of Population Control (Amsterdam, Oxford Elsevier Scientific 
Publishing Company) 215 pp 

El-shaarawi A H and Pipes W 01982 Enumeration and statistical interference , m Bacterial Indicators of Pollution 
pp 43-66 edWO Pipes (CRC Press, Boca Raton FI) 

Gauthier M J, Flatau G and Bernard P 1981 Tolerance au plomb, au cadmium et resistance aux antibiotiques chez 
les bacteries h£t6rotrophes de sediments manns portuaires oulittoraux, Jtev mt Oceanogr. Med 63-64, 65-83 
Wiggins I J and Bums R G 1975 The Chemistry and Microbiology of Pollution (London &New York! Academic 
Press) 248 pp 

Hobbie J F, Daley R and Jasper S 1977 Use of nudepore filters for counting bacteria by fluorescence microscopy; 
Appl, Environ Microbiol. 33 1225-1228 

Holder-Franklm M A and Wust L J1983 Factor analysis as an analytical method m microbiology, in Mathematics 
in Microbiology ed M Bazin (London . Academic Press) 139-168 
Iverson W P and Bnnekman F E 1978 Microbial metabolism of heavy metals; in Water Pollution Microbiology 
vol- 2, ed R No 8 Mitchell (New York : Wiley Inter-Science) 201-232 
Kaneko T and Colwell R R1978 The annual cycle of Vibrio parahaemolyttcus in Chesapeake Bay, Microbiol EcoL 
4 135-155 

Kaper J, Lockman H , Colwell R R and Joseph S 1979 Ecology, serology, and enterotoxm production of Vibrio 
cholerae m Chesapeake Bay, Appl. Environ Microbiol 37 91-103 
Kelly M 1982 Effect of temperature and salinity on Vibrio (Beneckea) vulnificus occurrence in a gulf coast 
environment; Appl Environ . Microbiol 44 820-824 

Kenyon J, Piexoto D, Austin B and Gillies D1984 Seasonal variation m numbers of Vibrio cholerae (non-01) isolated 
from California coastal waters; Appl Environ. Microbiol 47 1243-1245 
Kouli S 1983 Dyanamique des communautfe bactdnennes autochtones et allochtones d’une aire marine soumise 
a un rejet urbain au cours d’un cycle annuel. Zone de Cortiou Marseille Doctorat de Troisi&me Cycle 
University d’Aix-Marseille n, 169 pp 

Lahberte P and Grimes D 1982 Survival of Escherichia coh m lake bottom sediment, Appl Environ Microbiol 43 
623-628 

Litsky W1979 Gut critters are stressed in the environment, more stressed by isolation procedure, in Aquatic Microbial 
Ecology Proc. Conf sponsored by the American Society of Microbiology'7-10 February 1979 eds R R Colwell 
and J Foster (University of Maryland, College Park A Maryland Sea Grant Publication) 345-347 
Lorcnzen M1978 Phosphorus models and eutrophication; m Water Pollution Microbiology vol. 2, ed R Mitchell 
(New York Wiley Inter-Science) 31-50 

Mitchell R1972 Water Pollution Microbiology vol. 1 ed R M Mitchell (New York Wiley Inter-Science) 416 pp 

- 1978 in Water Pollution Microbiology vol 2 ed R Mitchell (New York . Wiley Inter-Science) 442pp 

- 1979 Environmental effects on microbial processes, in Aquatic Microbial Ecology Proceedings of the Conference 

sponsored by the American Society of Microbiology 7-10 february 1979 eds R R Colwell and J Foster 
(University of Maryland, College Park A Maryland Sea Grant Publication) 25-34 
Munro P and Bianchi M 1984 Comparison de mdthodes directes (microscopiques) et indirectes (par mise en culture) 
dans revaluation d’une pollution bact6nenne d’ongme fecale. II. Colloque de BactSrioIogie Marine, Brest 1984 
Roswall T and Kvillner E 1978 Principal-component and factor analysis for the description of microbial 
populations, in Advances m Microbial Ecology vol 2, ed M Alexander (New York Plenum Press) 1-48 
Slater J H 1979 Physiological and genetic implications of mixed microbial populations and of microbial population 
and microbial community growth, in Aquatic Microbial Ecology Proceedings of the Conference sponsored by 
the American Society of Microbiology 7-10 February 1979 eds R R Colwell and J Foster (University of 
Maryland College Park : A Maryland Sea Grant Publication) 15-24 



Microbial Indicators of Marine Environment 21 

Sykes G and Skinner F A 1971 Microbud Aspects of Pollution eds Sykes and Skinner (London : Academic Press) 
289 pp 

Tagger S, Truffaut N and Lepetit J 1984 Aspects physiologique et genetque du metabolisme du naphtalene de 2 
bactines Isoldes d’un sediment inarm; in Bacteriologie Marine (Colloques international!* du CNRS n 331, 
Marseille; 1982) 191-198 

Tiedje J1979 An attempt at identifying research needs for studies on microbial transformations; in Aquatic Microbial 
Ecology Proceedings of the Conference sponsored by the American Society of Microbiology 7-10 February 
1979 eds R R Colwell and J Foster (University of Maryland College Park . A Maryland Sea Grant Publica¬ 
tion) 124-139 

Xu H, Singleton F, Attwell R, Grimes D and Colwell R R 1982 Survival and viability of nonculturable Escherichia 
colt and Vibrio chloreae in the estuarine and marine environment; Microbiol Ecol S 313-323 



Symp, Biomotutormg State Environ. pp 22-29 (1985)' 


Biological Monitoring of the Estuarine Environment- 
Applications, Limitations and Complementation 

D W JEFFREY 

Trinity College, University of Dublin, Ireland 


Introduction 

This paper attempts to identify the limi ts of estuarine biological monitoring systems, their 
place in an operational management strategy and what might serve to supplement them. 

Ecological Characteristics of Estuaries 

Estuanne ecosystems receive massive energy inputs from fluvial orgamc matter which may 
exceed autochthonous photosynthetic energy input. Mineral nutnent exchanges are complex 
with sea and river water suspended and bottom sediments and the atmosphere being involved in 
exchanges with biota Because phosphate and nitrogen are natural limiting factors to autochtho¬ 
nous production, the phenomenon of estuanne eutrophication is widespread. The general 
relationship between environment and biota is illustrated in figure 1 (after Jeffrey et aL 1981). 

The main difference between the estuanne environment and that of (say) coastal seawater, 
is due to wide fluctuations in a large number of factors The tides generate fluctuations in salinity 
which have periods varying from the 12 hr typical daily cycle, the twice per lunar month cycle 
of sprang and neap tides and the extremes of astronomical tides which may occur twice a year. 
These cycles may give nse to regular bypersalmity episodes in upper intertidal areas 

The coupling of continental climate with biological processes and erosion give nse to seasonal 
fluctuations in inputs of fresh water, detntal organic matter and inorganic sediment This is often 
linked with seasonal storm perturbations 



Figure 1 A concept of functional compartments in an estuary linked by processes {after Jeffrey et al. 198I) 
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Finally, irregular and infrequent but important fluctuations occur as cataclysmic events. 
These mclude large storms, high or low continental rainfall or extremes of temperature. 

Because of their utility as sources cf food, crossing places for coastal routes and gateways 
of entry to land masses, most estuaries have been colonised by man and support cities. This is 
so ubiquitous and profound as tide, climate or cataclysm in the litany of environmental forces. 

Superimposed on these large scale factors are the zonal patterns generated within estuaries 
and the individual characteristics of size, morphology and dominant sediment characteristics which 
are determined by geography. 

Estuarine Uses and Use Conflicts 

The uses tabulated in figure 2 can usefully be considered under three subheadings: 

1. Uses Demanding Integrity of Natural Ecosystems 

These uses include the exploitation of natural products and the conservation of amenity and 
cultural resources. In many respects the resources themselves serve as bioindicator systems 
if sys tematicall y studied. For example, the effective disposal of sewage can be tested by 
microbiological examination of fish; the management and control of hydrocarbon spillage 
can be reflected by ornithological statistics. 



Figure 2 Estuarine resources and activities simplified (after Clark 1977) 
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'2. Uses which Demand some Biological Activity 

Estuaries have a high capacity to assimilate both organic materials and inorganic elements 
such as N and P, and as such these can be considered successfully exploited for waste 
discharge. This will undoubtedly continue until cost-effective procedures for the recovery 
of energy and minerals are devised (Gossehnk, Odum & Pope 1974) Estuarine administrators 
need indicators for the degree of saturation of assimilation capacity and to balance the cost 
of savings of using the estuary as an oxidation and mineral scavagmg plant Vs deleterious 
effects in category A uses. 

3. Uses which are not Dependent on Biological Characteristics 

These uses comprise the development of urban, port and industrial infrastructure and the 
extraction of raw materials. In these use-categories there is potential for very large environ¬ 
mental changes, but very little scope for any natural feedback. Monitoring must be carried 
out and the limitation to deleterious change linked by the administrator Thus the effects of 
an oil refinery, steelworks or power station should ideally be predicted, a monitoring system 
organised to verify that the operational performance is within the agreed limit and any 
transgression detected by monitoring corrected by a legislative or other administrative means. 

The balancing of economic cost-benefit equations and the administration of environmental 
legislation entail the communication of biological monitoring data to non-biologists. This point 
deserves emphasis and is an important justification for condensing of complex data into indices 
for administrative use. 

The main field for conflict exists between A/B uses Vs. C uses, although as figure 3 
indicates there is scope for conflict wit hin and between all categories. 

Specifications for Environmental Quality Monitoring Systems 
Concept of Environment Quality 

What do we mean by environmental “quality’” The most fundamental yardstick for defining high 
quality is the estuarine system with no interference from human activity This rare and largely 
hypothetical situation presupposes the presence of particular communities, the operation of eco¬ 
system, geochemical and geomorphological processes, and indeed the normal physiological and 
behavioural functioning of species. 


SELECTEO USE CONFLICTS 


Nature reserve 

vs 

Amenity beach and dune 

(A/A) 

Educational resource 

vs 

Intertidal grazing 

(A/B) 

Mar iculture 

vs 

Untreated sewage discharge 

(B/B) 

Cooling water abstraction 

VS 

Upstream sewage discharge 

(C/B) 

Reclamation of industrial land 

vs 

Siltation of port 

(C/C) 

Bird sanctuary 

vs 

Airport 

(A/C) 


As Uses requiring an essentially unmodified ecosystem 
BsSome biological activity essential 
C*Independent of biological activity 


Figure 3 Selected use conflicts 
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Decline in “quality” implies alteration from this pristine state of affairs. It is possible to 
imagine a stepwise set of circumstances, perhaps starting with exaggerated inputs of organic 
matter and nutrients and finishing with an estuarine zone in which all ecosystems are apparently 
extinct. Environmental factors in this decline include oxygen sag or anoxia of water and sediment, 
the discharge of toxic metals or organic substances or the discharge of relatively inert but all 
pervasive mining or manufacturing wastes such as coaldust, dredge spoil, red mud or gypsum. 
It is usual to encounter multiple sources of pollution, and positive correlations between pollutant 
concentrations. 

Specification for Biological Monitoring 

An ideal indicator system for management purposes may have the following properties. 

(i) It would be applicable in all estuaries in a defined region. This is the most demanding re¬ 
quirement, and in our studies of NW Europe some potentially promising indicator systems were 
eliminated by variety of estuarine type, range of pollutant diunage, and biogeographic limits to 
some potential biomdicator species. For example, Mytilus edulis, a very well studied species 
(Bayne 1976) has limited European range and although common, is neither found in all Irish 
estuanes nor in all zones of the same estuary. 

(u) Seasonality affects both organisms and the potential for meaningful fieldwork. 
Bioaccumulators tend to vary their performance with season (Phillips 1980) and some specific 
ecological indicators may disappear temporarily. 

(in) In the short term, that is reflecting the current season and facilitating rapid administrative 
response to pollutant damage. 

(iv) Reflecting long term trends and enabling a manager to predict future condition of eco¬ 
systems and environment 

(v) Diagnostic of environmental problems, basically to distinguish the need for particular 
corrective action in the midst of general malaise 

(vt) Quantitatively, over the full range of possible environmental amplitude. This is a difficult 
specification to meet in many proposed systems, be they bioaccumulators or stress sensitive or 
stress tolerant ecological indicators. The required characteristics of a good bioaccumulator as 
listed by Phillips (1980) on the whole correspond to organisms characteristic of high quality 
environments. 

(vii) Permitting a cartographic approach Mapping estuanne quality is very helpful to the 
planning of development, but this poses problems when salinity gradients or sediment type cause 
the community to change 

(vtu) Simply, so that staff with only a moderate degree of specialised knowledge can operate 
the system. Any system which requires the help of that demands assistance from marine biology 
specialists, will not be widely applicable. This is an unpopular specification amongst the frater¬ 
nity, but besides cost and inconvenience it represents a misuse of research facilities Simplicity 
helps to transmit scientific results to an administrator 

(ix) Cost effective and inexpensive system encourage their wide use The operating expenses 
of estuanne monitonng will include staff costs, maintenance of premises and equipment and the 
operation and maintenance of boats We consider that operating the whole system from boats is 
very expensive and imposes other limitations A primary monitonng system based on intertidal 
survey will reduce the sampling costs by one hundred one thousand fold and not impose 
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serious gwflgtwial p enalty . Occasional use of SdafS to obtalfi benthic samples should compliment 
this emphasis on the intertidal zone 

It is clear that in the light of these considerations no one systeih is'going to fulfil all needs. 
On one hand, there is a need for general quality indicators which are sufficiently robust to transcend 
background variation of zone, season, estuarine type or regional geography Ail index namely the 
Biologic al Quality Index (BQI), lias been developed for communicating results On the other, 
there are very specialised and sophisticated procedures designed for specific purposes in defined 
locations. 

At the present time the spectrum of available procedures lacks two characteristics, the 
capacity to proportionately respond over the whole range of environmental amplitude and the 
ability to diagnose specific environmental problems, i.e. to identify pollutants quickly and 
relatively easily. 

For thftw two functions, a carefully structured' economic scheme for sediment analysis and 
an appropriate index to present results have been developed 

Community Type Analysis and the Calculation of a! Biological Quality Index 

This approach to monitoring was developed particularly to meet the challenge of economically 
surveying all estuaries in a wide geographic area, and applicable m all parts of a given estuary. 
In any estuary three basic community types may be distinguished even by the most casual obser¬ 
vation of the intertidal area 

First, there are zones in which no macroscopic life is apparent Such abiotic zones often 
accompany small freshwater inlets where organic input is not well dispersed and input is faster 
than biodecomposition In polluted estuaries an abiotic zone may be correlated either with high 
organic inputs, presence of toxic substances or a combination of both By definition eutrophication 
by mineral nutrients is not a cause. The microbial species and the totality of biological activity m 
“abiotic” zones needs much more study for practical reasons which include the assimilation of 
organic matter and hydrocarbons and the bioavailabihty of metals and other toxic substances. 

The second community type is characterised by short lived, generally pollution-tolerant, 
organisms, which may be termed opportunistic species These include algal species which respond 
to eutrophication. Viva and some Enteromorpha species in Europe, most ohgochaetes and poly- 
chaetes such as Capitella sp and Polydora sp 

Finally, environments of high quality are charactensed by relatively long lived species such 
as the brown seaweeds, larger bivalves and some polychaetes in stable communities It is of in¬ 
terest that this community type is favoured for bioaccumulator studies, e g Bryan et al (1980) 

It is argued that in an estuary largely free from pollution, possessing the normal 
environmental zonations and fluctuations, a high proportion of the area will support stable 
communities If pollution of any kind is superimposed then the boundanes of “oppor¬ 
tunistic” and “abiotic” community zones will shift at the expense of “stable” community zones 
Hence, the biological quality index for a given area of an estuary is based on the relative propor¬ 
tions of each type 

The proportional areas for each assigned category are then determined for each zone such 

that 


A + B + C = 1.0. 
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The BQI is then calculated from the formula 
BQI — antilogy (C—A), 

where C is the proportional area stable; A the proportional area abiotic; and B the proportional 
area opportunistic The estuary BQI is obtained by the addition of each zone BQI multiplied by 
the proportional area of their respective zones. 

For example, an estuary with a total area of 10 km 1 may have a BQI as shown m table 1. 
Here 

estuary BQI = antilogy (0.70—0.05) =4.47. 

This procedure has been applied in the field to eight Irish estuaries ranging in size from a 
6 km tidal creek polluted by a rubbish dump to the inner 60 km of the Shannon estuary. Our 
experience reassures us that this method gives a worthwhile first approximation of quality which 
needs to be supplemented by diagnostic information from sediment analysis. 

The Strategic Context for All Biological Monitoring of Estnaries 

A strategic framework must be provided for the administrator and the research biologist in order 
to lead to optimum use of existing techniques and development of specialised new procedures. 
In figure 4 it is seen that the three basic procedures set out in the Dublin manual (Jeffrey et aL 
1981) provide a broad comparative platform. They are an assembly of background information, 
determination of the Biological Quality Index and of a Pollution Load Index based on sediment 
chemistry. 

Possession of this information permits the formulation of policy on uses and estuarine 
quality At least three broad policy options may be required, i.e. maintenance of a status quo, 
improvement of a badly polluted situation or a controlled lowering of quality to accommodate 
legitimate development 

To accomplish any of these objectives a variety of bioindicator techniques are available, 
but which must be adapted to meet local conditions. In order to present bioindicator systems gene¬ 
rally to governments they must be seen to be reliable, comprehensible and cost effective rather 
than extraordinary, complex toys created by insular scientists. In short, we will have to do some 
marketing. 


Table 1 Zonation of a hypothetical estuary (after Jeffrey et al 1984) 


Zone 

Area 

(km*) 

Proportional 

area 

Dominant biota 

Category 

1 

0 5 

0.05 

NIL 

A (abiotic) 

2 

2 5 

0 25 

oligochaetes, 
some spiomds 

B (opportunistic) 

3 

5 0 

0 50 

Macoma 

Scrobiculana 

Fucus 

C (stable) 

4 

2 0 

0 20 

Tellma 

Nepthys 

C (stable) 
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Figure 4 Strategic scheme for estuarine monitoring, administration and policy making 
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The Methodology to Enumerate Specific Bacterial Groups 
in Aquatic Ecosystems 

KAZUHIRO KOGURE 

Ocean Research Institute, University of Tokyo, Mmamidai, Nakano, Tokyo 164, Japan 


The Characteristics of Bacteria as Indicator Organisms 

Among aquatic organisms, bacteria have several important characteristics which distinguish 
them from other organisms. Firstly, they are the only organisms which utilize mainly dissolved 
organic compounds.The Gram-negative bacteria, which are dominant in the sea, have periplasmic. 
space between the cell wall and cell membrane where binding proteins mid enzymes are stored 
These components play essential roles in capturing substrates, degrading high-molecular-weight 
compounds, and transporting degraded chemicals. Bacteria can also attack particulate organic 
matter. 

Secondly, bacteria have high growth efficiency and rate, compared with other organisms. 
They have high surface-volume ratio, which enhances the uptake capacity of the cell. They don’t 
have any membranous organelles such as nucleus or Golgi complex which are vital for the life of 
eukaryotic organisms and continuously require some energy for maintenance Instead, bacterial 
cell components and structure can change flexibly and are controlled depending on the surround¬ 
ing conditions. The field observations using radio-labelled organic matter, show that natural 
bacteria usually respire 40-50% of the substrate utilized as carbon dioxide This is much lower 
than that of animals On the other hand, many bacteria can divide every 20 or 30 mm in the 
laboratory Under optimal conditions, the generation time of Vibrio parahaemolyticus, which is 
widespread in the estuarine environments, is less than 10 min (Katoh 1965). Although such a high 
growth rate has never been observed m the sea, it is not uncommon to find that a whole popu¬ 
lation of natural bacteria will regularly divide three or four times a day If we look at a micro¬ 
environment like the surface of a particle, the actual growth rate of the dominant groups must be 
much higher than this. 

Thirdly, bacteria have the ability to adapt to various environments such as deep oceans or 
hot springs, where other organisms can seldom survive. Marine bacteria are usually nutritionally 
very versatile (Horowitz et al. 1983). Many of them can utilize 30-40 organic compounds as a sole 
carbon source Some Pseudomonas spp are able to live on more than 100 substrates Under the 
condition of a mixture of substrates, bacterial cells take up more than one chemical simultaneously 
(Law & Button 1977) The bacterial cells can also regulate their metabolic pathways depending 
on the nutrient status or other conditions. On the other hand, bacteria also have mechanisms 
and can survive for a long time under the unfavourable conditions (Monta 1982). In the sea, 
most of the habitats are deficient m organic materials for active bacterial growth The bacteria 
which can adapt or survive under such conditions are most successfully finally selected. There¬ 
fore, bacteria can serve as especially good indicators of states of organic materials in the sea. 
Others may gradually or rapidly decline. The structure of bacterial community and their 
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physiological state is the reflection of environmental conditions. Generally speaking, among the 
factors which control bacterial populations in the sea, the quantity and quality of organic 
matter are the most important. 

Enumeration of Marine Bacteria 

Bacterial biomass at a given time represents the balance between the increase and decrease of 
bacterial populations Data obtained show that bacterial biomass is more or less proporti onal to 
the concentration of organic matter m the sea (Kogure et al 1980). 

There are several methods to enumerate bacterial numbers or biomass (table 1) The results, 
however, are not always comparable among them (see below). Direct count procedures are obtained 
by microscope or a particle counter. Among the three listed, the epifluorescent microscopic tech¬ 
nique is now the most widely used standard counting method (Hobble et al. 1977). Bacterial cells 
are stained with fluorescent dyes such as acridine orange or DAPI (Porter & Feig 1980) after 
fixation The cells are then concentrated on a polycarbonate filter (usually Nuclepore filter, pore 
size 0.2 /un), which is then observed under the epifluorescent microscope Thus, bacterial numbers 
are obtained relatively easily and quickly It is also possible to get size spectrum of bacteria and 
calculate the bacterial biovolumes or carbon content by using an appropriate conversion factor 
(Fuhrman 1981, Watson et al 1977). In addition, the shapeof natural cells or their association with 
particles or plankton are also observed The scanning electron microscope is also often applied to 
natural samples (Sieburth 1975). The size of typical marine bacteria (0.5 -0 8pm) is too small 
for the coulter counter, which is often used for phyto- or zooplankton m the sea However, this is 
a very promising method for the future. 

The fundamental difficulty of the direct method is the inability of differentiating living from 
dead bacteria or particles The enumeration of living ones is very important. Several methods 
involving application of epifluorescent microscopic techniques (table 2) have been worked out 
for the purpose The microautoradiography, though theoretically superior, is not practically and 
technically suitable for routine works The radio-labelled organic compound is inoculated into 
water samples, followed by the incubation and filtration The filtrate is subjected to X-rays for 
exposure The silver grains developed on the film correspond to the bacteria which had taken up 
labelled substrate The second and third techniques are much simpler and better for field research. 
For the enumeration of respiring cells, an artificial electron acceptor, such as tetrazolium salt. 

Table 1 Bacterial biomass determination 


DIRECT COUNT METHOD Epifluorescent microscopy Scanning electron microscopy Particle counter 

CULTIVATION METHOD Viable count Most probable number (MPN) 

INDIRECT METHOD ATP DNA Lipopolysacchande (LPS) Muramic acid 


Table 2 Determination of living bacterial fraction 


Microautoradiography 

Electron transport system (respiring cell) method 
Direct viable count (DVQ method 
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is added to natural samples (Zimmermann et al. 1978). The acceptor is reduced by Bacterial dec- 
ticntransport system to form insoluble deposits (formazan) No substrate is used for die method 
O^the other hand, for the direct viable count (DVC) method, appropriate substrate and and- 
biotics, nahdixic acid, which inhibits the bactenal DNA synthesis, are used. During incubation, 
the living bacteria take up the substrate and elongate because the cell division is blocked By nali¬ 
dixic amd These cells are counted under the epifluorescent microscope. The advantage of this 
method is the applicability to enumerate various substrate-responsive bacteria by choosing the 

SUbS Thecidti^on method will detect only living bacteria. The viable count method has been 
f or a long time- The number of colonies which appeared on agar plates after incubation are 
counted. It is possible to isolate bacterial strains and use for the subsequent experiments in the 
laboratory. The problem of this technique is the great difference from total count. Total cmmts am 
usually several orders of magnitudes higher than viable counts (Jannasch & Jones 1959) The 
increases with the distance from the shore or with the decrease of organic concentration 
(figure 1). It is clear that only a part of the living bacteria in natural seawater possess the ability 



Figure 1 Regression lines of bactenal numbers versus particulate organic carbon (POC) 

TDC total count, DVC: direct viable count, PC viable count, (from Kogure et al 1980) 
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to colonies on agar plates. However, these colony-forming bacteria may have been meta- 
bolically active in the sea, although it is difficult to confirm this. It is frequently and misleadingly 
supposed that the viable count is the estimation of natural bacterial biomass. For the reasons 
Tn »ntinnftri above, viable count should not be regarded as the basic enumeration method. 

The indirect method is the chemical determination of cell components. The component should 
be present only in the living bacterial cells and proportional to biovolume or carbon content, 
re gardless of the physiological state. The component should not exist in dead cells or non-living 
partfrlfts- The concentration of the component is converted to biomass using a previously deter¬ 
mined conversion factor. The advantage of this method is that the margin of error is greatly 
reduced as compared to viable or total counts which are sometimes subjective to worker bias. On 
the other hand, the problems are, firstly that there is no chemical which is specific only for bacteria. 
Because there is no good method to separate only bacteria from other organisms in seawaters, 
the common chemicals like ATP is not suitable for this purpose. Among the chemicals listed m 
table 1, lipopolysaccharide (LPS) is the most accurate for bacteria, although Gram-positive 
bacteria lack it (Maeda & Taga 1979). Secondly, the conversion factor is not always constant. It 
may vary with bacterial morphological and physiological conditions. It is difficult to apply only 
one value to any environment. 

Bacterial Community Structure 

Bacterial community structure and the distribution of certain species are the reflection of environ¬ 
mental conditions, especially nutrient status. There are several methods to clarify community 
structure. First, one can accomplish taxonomical works for the bacteria isolated using agar plates. 
Since only a part of bacteria m the sea keep the ability to make colonies, the interpretation of the 
results is quite limited. However, the colony-forming bacteria may be rather active ones in the 
seawater and may play an important role m turnover of organic matter Microbiologists usually 
check various characteristics including biochemical, physiological, nutritional and so on 
(Kaneko et al. 1979). However, these works are very tedious and time-consuming For environ¬ 
mental research, usually at least 100 strains should be identified to make any conclusion. So 
this approach is not practical for routine works. Therefore, many microbiologists use simpler iden¬ 
tification schemes, which need at the most ten important characteristics to check (Shewan 1963) 
This only shows the generic composition of marine isolates. Simidu et al (1977) compared the 
generic composition of bacteria in Tokyo Bay, which is highly polluted, with those of adjacent less 
polluted regions. They found that in Tokyo Bay, Gram-negative, non-motile, nonpigmented 
bacteria (identified as Acinetobacter) were predominant However, outside of the bay. Vibrio spp 
were much more abundant. They explained that the difference is attributable to the high concen¬ 
tration of organic matter and algal-bacterial antagonism m the bay It is known that Vibrio is very 
sensitive to the antibacterial activity of phytoplankton and favour the components of zooplankton 
(Kogure et al. 1979). It is not clear, if similar situation occurs in other environments However, 
this observation shows that generic composition of colony-forming bacteria could be an indicator 
m marine environments. 

Another method for colony-forming bacteria is the use of selective medium for enumerating 
certain bacterial groups For example, thiosulphate-citrate-bile salts-sucrose (TCBS) agar (Nakamshi 
1962) is widely used to count and isolate Vibrio spp from marine environments Among Vibrio 
group, V. parahaemolyticus and V cholerae are well known as hazardous to men. The coliform 
group, which is Gram-negative, lactose fermenting enteric rods, has been used as an indicator of 
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foecal pollution. Colifonn bacteria are enumerated by ENDO agar plates. This procedure is 
especially when checking the water safety for drinking. Many countries have a standard 

procedure and a nu primul permissible colifonn count for the water. This approach with selective 
medium is not completely specific. There are always some contaminants of other groups. However, 
because of the simplicity, it is still useful and practical depending on the purpose and environ¬ 
ments in question. 

Since the result obtained by viable counts cannot be generalized to the whole population in 
the watermass, the application of direct count method is much more desirable and valuable. 
Unfortunately, the epifluorescent microscopy, which is now considered to be the basic procedure, 
cannot differentiate any bacterial groups. Now there are a couple of application methods: 

(i) Jmmunofhmrescent Antibody (FA) Technique 

It is utilized to detect certain bacterial species or strains in seawater samples. The basis, of the 
technique depends on the specific reactions of antigen (cell) with antibody molecules. The fluore¬ 
scent dye is absorbed by the cell surface, and the cell shape is seen under the epifluorescent micro¬ 
scope. There are two distinct procedures, direct and indirect methods (figure 2). In the former, 
the antibody itself has the conjugated fluorescent dye like fluorescein isothiocyanate. The latter 
needs another fluorescent antibody directed against the specific antibody for the bacteria. Since 
this fluorescent antibody can be commercially purchased, the latter method has been more oftenly 
used for the environmental researches. Xu et al. (1984) examined the methodology for V. cholerae, 
which is now believed to be an autochthonous bacterium in estuaries (Colwell et al. 1981). The 
staining procedure itself takes only a couple of hours and is very simple. It is virtually applicable 
to any kind of bacteria m the sea. The problems of the application are, first, the cross-reaction of 
the antibody with other bacterial groups. This causes an overestimation of the bacteria concerned. 
It is necessary to check the cross-reaction with closely related bacterial species before using the 
unused antibody. The second problem is the size of natural bacterial cells. They are usually much 

DIRECT $TAIN INDIRECT STAIN 



Figure 2 Immunofluorescent antibody technique (from Biology of Microorganisms by T D Brock, Prentice Hall) 
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cmaiipr than those seen in the laboratory The cell should be large enough that the shape can be 
under the microscope. So depending on the bacteria and environments, appropriate incu¬ 
bations are needed. Xu et al. (1984) combined the MPN (most probable number) method and 
FA technique for the field observation. On the other hand, Dahle and Laake (1982) applied this 
technique for the five dominant bacterial strains in a plastic enclosure m Rosfjord in Norway. 
They succeeded to continuously observe the dynamic fluctuation of these bacteria. Although this 
technique has just started to be used for marine bacteria, it is a veiy promising one because of the 
sim plicity , sensitivity and specificity. 

(if) DVC Technique 

Even if the community structure of bacteria in a certain environment is completely clarified, it is 
difficult to explain the activity of each group m the sea The taxonomical group is not always equal 
to the functional group. Right now, there is no way to confirm it It is still not easy to figure out 
what kind of environment is expected from the bacterial community structure. The DVC tech¬ 
nique doesn’t provide any taxonomical information. However, it is possible that the bacteria 
responding to an added substrate are playing an important role in the turnover of the substrate 
in the sea. Especially those groups responding to artificial chemicals or hydrocarbons may be 
rather special ones, and there is no other suitable way to detect them easily. Table 3 shows the 
numbers of substrate-responsive bacteria near Puerto Rico. This technique should be applied to 
various environments with many other kinds of organic compounds. 


Table 3 Number of specific substrate responsive bacteria in water samples collected from several stations m the 
Atlantic Ocean and near Puerto Rico 

_(No. x lOw/ml) 


Station 

B 4 

4 

6 

10 

11 

13 

14 

Total count 

Direct viable count 

550 

570 

500 

540 

450 

570 

500 

1. yeast extract 

— 

14 

20 

19 

8 9 

2 4 

2 2 

2. glutamic aad 

11 

5.4 

2.6 

6 8 

5 8 

1 6 

1 5 

3. glycine 

7 6 

5 0 

3 2 

8 1 

5 4 

1 9 

1 3 

4. arginine 

20 

7 8 

4.9 

13 

5 8 

1 5 

1 5 

5. arabinose 

7 6 

3 4 

2.4 

6.9 

2 9 

2 2 

1 3 

6 fructose 

7 4 

3 1 

2 5 

4 1 

3 6 

1 8 

1 1 

7. mannose 

7 3 

4 1 

2 7 

5 7 

3 0 

2 3 

1 3 

8. pyruvic aad 

7 3 

3 2 

2 7 

6.2 

4 7 

1 4 

1 6 

9 n-butanol 

8 3 

3 0 

2 6 

4.3 

3 9 

1 5 

1 8 

10 isopropanol 

4 5 

3 1 

2 2 

4 5 

3 4 

1 6 

1 4 

11. toluene 

5 1 

3 7 

2 6 

4 2 

5 5 

1 4 

1 4 

12 benzene 

5.9 

2 5 

3 0 

5 2 

5 1 

1 3 

1 5 

13. ethanolamine 

4 8 

2 7 

2 4 

5 8 

3 6 

1 3 

1 3 

14 sodium benzoate 

3 4 

3 2 

2 4 

3 5 

4 9 

— 

1 6 
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Importance of Sample Size for Indicators of Water Quality 

R H NORRIS and A GEORGES 
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Belcormen Act 2616 


Introduction 

As our knowledge and understanding of the environment improves there is also an increased 
requirement for assessment of the effects of perturbations having minor or subtle outcomes. 

Studies concerning water quality usually involve spatial and/or temporal comparison of 
physico-chemical and biological variables. In order to make these comparisons, estimates (biotic 
and/or abiotic) must have minimum levels of precision on each sampling occasion which are 
appropriate to the magnitude of the effects being assessed. Precision of estimates of variables will 
be determined by the variability in the data relative to sample size i.e. the number of replicated 
collections taken on a single sampling occasion at a single site. 

Optimizing sample size has been discussed at length by Elliott (1977), Green (1979), Downing 
(1979) and Sheldon (1984). Optimal sample size is affected by factors such as the area or volume 
of the sampling apparatus, the pore size of catching nets, current speed, period of collection, 
density of the invertebrates, etc. The present paper is particularly concerned with the importance 
of sample size optimization and the underlying ecological principles pertaining to it. Interpre¬ 
tation of data for environmental assessment will only be meaningful if based on appropriate 
ecological principles. 

Benthic organisms have often been used for the biological assessment of water quality (Hynes 
1963, Bayly & Lake 1979) All types of aquatic benthic organisms from different substrata, 
using different methods have been shown to have similar'uneven distributions in the environment, 
or aggregation (Downing 1979). The degree of aggregation and the reasons for it will both affect 
the sample size required for a desired precision of the estimated variable The reasons for aggre¬ 
gation and the ecological and water quality assessment implications will form the basis for some 
discussion later in this paper. 

Downing (1979) provides a formula which includes sampling apparatus size for calculating 
the number of replicate collections needed for a required precision of the mean of the variable 
being estimated. He has tested this formula for benthic invertebrate collections from lakes and 
large rivers and suggested that smaller nvers than those considered by him might be more variable 
requiring more replicate collections Data analysed in the present paper are from smaller Austra¬ 
lian rivers—one lowland soft bottom nver, and another nver with a cobble bottom 

Analysis 

Benthic invertebrate data were obtained from a study of the South Esk River m north-eastern 
Tasmania (Noms et al. 1982) The South Esk River is relatively small and fast flowing with a 
cobble substratum. Thirty replicate collections were made from eight sites on ten occasions over 
two years. 
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Two further benthic invertebrate data sets were obtained from a study of the La Trobe River 
Victoria (Marchant et aL 1984). Both of these data sets resulted from, fifteen replicate collections 
from ten sites on twelve occasions over two years One set of collections was from the main channel 
and one from the banks. 

All samples were collected with an airlift sampler of 0.02m 1 described by Norris (1980) at 
a depth of > 0.5m. The pore size of the catching net was 967pm for the South Esk River study 
and 150/un for the La Trobe River study. 


Aggregation 

All three data sets were similarly aggregated (table 1) with the mean related to the variance by the 
formulae: 

s 2 — ax* or ...(1) 

and log s 1 = log a + b log j ...(2) 

where r* is the variance, a and b are constants and; is the mean. Logarithms are to the base 10 
throughout this paper. 

An index which can be used to compare aggregation is the exponent b (Taylor 1961, Downing 
1979). Larger values of b indicate increasing aggregation and b> 1 indicates contagious distribution 
(Downing 1979). The constant a is a sampling factor according to Southwood (1966). 

Downing (1979) suggested that benthic invertebrates tended to be less aggregated in silts and 
days and more aggregated in gravels. However, our study shows just the opposite picture: inver¬ 
tebrates from the South Esk River with a cobble substratum were least aggregated while those 
from the La Trobe River banks with fine silt and sand, were the most aggregated. 

The relationship between the mean and variance was similar to that provided by Downing 
(1979) (figure 1). The higher variability shown by Downing (1979) for Needham and Usinger’s 
(1956) data may result from the conditions in Prosser Ck or from the method of collection (Surber 
sampler). On the basis of these data, benthic invertebrate collections from small rivers cannot be 
considered as at more variance than those obtained by Downing (1979J for large rivers and lakes 

Transformation 

Normal distribution is one of the major assumptions underlying parametnc statistical tests. 
A correlation between mean and variance (figure 1) represents violation of this assumption. 
Several transformations may break the relationship between the mean and variance. Whereas, 

Table 1 Power function regressions of variance ($*) on mean density (X) of benthic invertebrate collections from 
the La Trobe and South Esk Rivers where s , -ax i , n is the number of sets of collections. The coefficients of deter¬ 
mination of the relationship between log s* and log »for untransformed data (r*, raw) and for data transformed 
(log x + 1) 


Data set 

n 

a 

b 

r* raw 

r*log(x+l) 

South Esk R 

80 

1 2362 

1 5971 

0 9326*** 

0 0379 n s. 

La Trobe R. banks 

120 

0 3543 

1 9811 

0 8967*** 

0 0019 n s. 

La Trobe R. channel 

120 

1 9806 

1 6195 

0 9319*** 

0.0028 n s. 


*** indicate the levels of significance, p <0 001 
ns, not significant 
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Figure 1 Relationships between mean and variance for stream benthic macroinvertebrates. Downing (1979) 
empirically derived general formula log S' = 1.162+ 1.392 log M-Z82 x 1CMA La Trobe R. channel and 
banks from Merchant et al. (1984) and South Esk River from Norris et al (1982). 

according to Green (1979), a log (x + 1) transformation is sufficient as long as h<2 Downing 
(1979) upheld the fourth root transformation over the log transformation, as extended to seven 
data sets. In one case out of seven, the log transformation failed to break the relationship between 
mean and variance, whereas the fourth root transformation worked every time Application of the 
log (x + 1). transformation worked in all three cases in the present study with strongly significant 
relationships between mean and variance (r* raw) completely broken by transformation [r* log 
(x-f-1)]. Downing’s suggestion of using the fourth root transformation in preference to the log 
transformation may not be applicable universally. The significance of the correlation following 
transformation in this latter data set may simply represent a type 1 error (Sokal & Rohlf 1969) 
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Calculation of Sample Size 


Downing (1979) has provided, a formula, including sampler size, for determining the number of 
replicate samples for diff erent macrobenthos densities in order that the standard error of the mean 
will be ±20% of the mean density. This corresponds roughly to 95% confidence limits (CL) 
that are ±40% of the mean density (twice the standard error, SE). He provides a table with 
densities (m?) and sampler area (cm 1 ) so that the number of replicate samples for a given sampler 
size and die required precision can be read off. 

Green (1979) however, provided the following formula for calculating the number of replicate 
collections needed to obtain the desired precision of the mean: 


n 




...(3) 


where j* is the variance; x, the mean; and D, the desired precision based on the SE of the mean 
(D = 0.1 for a S E of ± 10% and for confidence limits of ± 20% of the mean). 

The highly significant relationship between the mean and variance allows us to substitute for 
s* in the equation (3). 


n 


as 


M 


D* 


•••( 4 ) 


The relationship between the number of replicate collections required for 95 % confidence 
limits ± 20% of the mean density of invertebrates has been calculated for the three data sets from 
the South Esk and La Trobe Rivers (figure 2a, b and c). On most occasions the number of samples 
collected from the South Esk and La Trobe Rivers were adequate, providing data of desired 
precision (Norris et al. 1982, Marchant et al. 1984) 

A primary aim in designing a sampling scheme is to gain accurate estimates with acceptable 
precision for the least effort (Downing 1979, Green 1980) At some tunes and in some places, 
particularly at polluted sites where mean densities are low, the required number of samples may be 
unacceptably higher in practical terms. Most statistical tests require equal number of replicate 
collections at each site and this may be a dominating factor in sampling design (Green 1980). 

Sample size will need to be optimized so that the required precision is obtained on most 
occasions while accepting that on some occasions it will not (e g figure 2a, b and c). Green (1979) 
points out that as long as sufficient replicates are collected then violations of assumptions can 
often be hved with. The important point here is that the occurrence of violations should be 
minimized, not ignored 

When the effects of pollution are gross so that low densities requiring numerous replicate 
collections occur (figure 2a, b and c), assessment will be a trivial procedure as the differences will 
be obvious (figure 3). It is most important to have precise estimates of variables when interpre¬ 
tation of subtle effects is being sought and densities are usually higher. Statistical tests are un¬ 
likely to show significant differences if the standard errors of the means overlap. The effects of a 
minor impact between 1 and 2 in figure 3 would not be shown if only enough replicates were 
collected to yield a standard error ± 20% of the mean. The effects of a major impact between 
2 and 3 in figure 3 could easily be determined with data yielding a low level of precision based on 
few replicate collections. Decisions on the optimal number of samples required will be partly 
dependent on interpretations being sought from the data and the magnitude of the change being 
investigated (figure 3). 
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MEAN DENSITY I m~ 2 )X 10 3 


Figure 2 a-c Relationship between mean density and the number of replicate collections required to provide 95% 
confidence limits ±20% of the mean. Dotted lines indicate the required number of replicate collections for sites 
with the highest and the lowest mean densities 
A, La Trobe River banks from Marchant et al (1984) 


Levels of Precision 

For biological data, 95 % confidence limits of ±20 % of the mean are regarded as acceptable 
(Green 1979), while Elliott (1977) and Downing (1979) have suggested 95 % CL of ±40% (SE of 
20 %) as acceptable For chemical data, acceptable precisions on determinations may be much 
narrow (table 2). These determination variations may also be regarded as acceptable confidence 
limits around a sample mean. If this is so then several replicate collections may also be needed 
for estimation of physico-chemical variables. 95 % confidence limits of ±20 % of the mean were 
used to calculate the relationship between the number of replicate collections and mean density 
described above (figure 2a, b and c) If these were reduced to 10% either side of the mean, four 
times as many samples would be needed (figure 3) and to 5 % sixteen times as many. This is 
because the standard error (95 % confidence limits equal twice the standard error) decreases m 
proportion to the square root of the number of replicate collections. 
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DOWNSTREAM 


Figure 3 Importance of optimizing the precision of estimates in relation to the magnitude of the changes 
being assessed 


Table 2 Typical levels of precision for chemical determinations of water quality 


Electrical conductivity 

± 2% 

Nitrite 


Filterable reactive phosphorus 

± 4% 

Potassium 


Sodium 


Calcium 


Magnesium 


Turbidity 

± 5% 

Suspended solids 


Nitrates 


Total phosphorus 


Bicarbonate 


Chlonde 


Ammonia 

± 7% 

Sulphate 


Chemical oxygen demand 

± 8% 

Biochemical oxygen demand 

±10% 

Colour 


Total Kjeldahl nitrogen 
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Registration of laboratories and inter laboratory comparisons ensures the accuracy of chemical 
determinations. Little thought seems to be given to die precision of the estimated means of chemical 
variables. In fact, so little thought is given to it that usually no replicate collections are made. If 
replicate collections are made they are often pooled for a single determination. The only way 
between site variation can be confidently determined'is' to show that it outweighs within site 
variation (Green 1979). Umnterpretable information should be regarded as infinitely expensive 
and consequently a waste of resources. It is only when data can be interpreted that its value can 
be assessed. Ward et al (1979) have discussed the optimization of chemical sampling programmes 
in terms of frequency but not in terms of replicate collection in space. The relationship between 
mean and variance for chemical variables estimated in various aquatic environments is in urgent 
need of explanation. 

Sample Size and Diversity Indices 

Sample size will affect the number of species collected (Grieg-Smith 1966, Preston 1948). A total 
of 337 taxa were collected from the lowland section of the La Trobe River (Marchant et al. 1984). 
This large number reflects the sampling intensity (120 sampling occasions, 3600 collections) and 
the fine mesh size of the catching net (ISO pm). Only 28 taxa from the main, channel and 33 from 
the banks were regarded as commonly occurring (<0 5 % of the total, Marchant et al. 1984). 

Species number is generally a component of diversity indices and sample size may also affect 
the value of these indices. The Shannon and Weaver (1949) diversity index: 

H' =3-lqg-£. ...(5) 

has been used extensively in studies of pollution assessment (Washington 1984). H‘ changes 
considerably at small sample sizes but stabilizes at larger sample sizes at polluted and unpolluted 
sites, again emphasizing the need for adequate sampling (table 3). Hughes (1978) also showed the 
same effect of sample size on the Shannon and Weaver index of diversity. The addition of rare 
species as sample size is increased through time will occur especially at sites subject to intermittent 
pollution. When calculated through time the Shannon and Weaver (1949) index was lower at the 
unpolluted site than at the polluted site (table 4) Hughes (1978) has also shown other factors such 
as sampling method and taxonomic level of identification will affect the index 

Reviews of diversity indices by Goodman (1975) and Washington (1984) have made it clear 
that they are of little use m environmental assessment Both these authors argue that they have little 
or no biological meaning Washington (1984) also makes the point that there appears to be no 
good reason why diversity indices should correlate with physico-chemical measures of water 
quality. Interpretabihty of data is of paramount importance and some authors have found diversity 
indices to be lacking in this regard, e g Cook (1976) and Norris et al (1982) 

Sample Size and Contingent Ecological Factors 
Aggregation and Environmental Heterogeneity 

Anderson et al. (1982) and Taylor (1981) argue that the degree of aggregation of the population 
(indicated by the power b, table 1) is most affected by environmental heterogeneity and the dispersal 
characteristics of the organisms Sites selected in the cobble bottom South Esk River and the 
sandy bottom of the mam channel of the La Trobe River provided populations with lower aggre¬ 
gations (table 1, figure 1) compared to the banks of the La Trobe River which had the highest 
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lUfe 3 Changes in the Shannon and Weaver diversity index at trace metal polluted and unpolluted sites In the 
South Esk Steer with increasing sample size. (Sample she increments 0.02mf) 



Unpolluted 



Polluted 


Shatwii 

index 


Animals 

collected 

Shannon 

index 


Animals 

collected 



17 

0.3010 


2 



50 

0.3910 


8 

0.9040 


93 

0.5360 


12 

0.8730 


130 

0 5518 


20 

0.8839 


151 

0.5106 


31 

0.9108 


192 

0 4552 


40 

0.9285 


224 

0.4055 


54 

0.9350 


284 

0.3328 


71 

0.9244 


311 

0.3572 


73 

0.9026 


338 

0.4012 


74 

0.8874 


386 

0.3934 


76 

0.8989 


442 

0 3815 


83 

0.8997 


478 

0 3708 


90 

0 8916 


540 

0.3679 


101 

0.9114 


564 

0.3501 


108 

0.9063 


577 

0 3453 


110 

0 9138 


590 

0.3235 


126 

0 9208 


604 

0 3189 


138 

0 9491 


639 

0 2913 


155 

09622 


672 

0 2690 


172 

0.9760 


684 

0 2678 


173 

0 9833 


707 

0 2491 


190 

0 9982 


753 

0 2422 


200 

1 0014 


770 

0 2528 


200 

1 0013 


799 

0 2508 


202 

1.0151 


832 

0.2573 


217 

1 0229 


855 

0 2483 


235 
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mile 4 Changes in the Shannon and Weaver diversity index at trace metal polluted and unpolluted * sites hi die 
South Esk River. Sample size for calculation of the index is increased for sets of 30 replicate collections (each 
replicate 0.02m?) through time. 


Month &yr 
of sampling 

Unpolluted 

Polluted 

Shannon 

Index 

Animals 

collected 

Shannon 

index 

Animals 

collected 

2/75 

1 0060 

896 

0.6830 

239 

4/75 

0*5811 

4876 

0.7656 

362 

6/75 

04660 

11109 

0 7553 

590 

8/75 

0 4876 

11453 

0.7836 

606 

10/75 

0 5170 

11809 

0.8501 

668 

12/75 

0*5488 

12273 

0 8691 

809 

2/76 

0 6659 

16667 

0 9371 

942 

4/76 

0 6698 

17764 

0 8698 

1379 

8/76 

0.6465 

19648 

0.8748 

1402 

12/76 

0.6491 

20372 

0 8630 

1607 


* SeeNomsetal (1982) for details of trace metal pollution in the South Esk River 


level. It seems likely that the banks of the La Trobe River provide greater habitat heterogeneity 
than for the main channel, or for the South Esk River. Steepness of the banks and rate of silt 
deposition, or removal, which would be more variable with flow at the banks are likely reasons for 
this. Silt habitats are likely to be more homogeneous in lakes and large rivers (especially tempo¬ 
rally) and so provide populations with relatively lower levels of aggregation in those environments 
as shown by Downing (1979). These findings illustrate the importance of ecological interpretations 
of the data. 

Conversely the degree of aggregation of the data (and the required number of replicate 
collections) will indicate the level of habitat heterogeneity This has important implications in 
view of current ecological thinking about rivers and the application of these thoughts to environ¬ 
mental assessment. 

Vannote et al. (1980) when proposing the ‘River Continuum Concept’ (R.CQ say that hetero¬ 
geneity is unimportant in rivers. They suggest that nvers exhibit a longitudinal constancy or 
structural uniformity despite different environmental or evolutionary histories. Even pnor to its 
statement, it is largely this concept on which the use of the various diversity indices has been based 
for envir onmental assessment. Shepard (1984) provides a recent example of the use of this argu¬ 
ment for assessment of stream benthic communities. 

Vannote et aL (1980) quote the work of MacKay and Kalfif (1973) in support of their concept 
but earlier work by these two authors (MacKay & KalfF 1969) clearly shows that the number of 
species they collected varies according to habitat heterogeneity. Barmuta and Lake (1982), quoting 
the work of Bilby and Likens (1980) on organic debris dams, point out that spatial heterogeneity 
is important to the functioning of streams, especially small areas which may have high numbers. 
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Vanno te et al’s (1980) views on the stability of energy processing in streams requires close 
relationships between coexisting species. Hawkins and Sedell (1981) tested the RCC and they 
discussed problems caused by tributaries Bruns et al. (1984) have responded by attempting to 
incorporate the effects of tributaries into the RCC. “Species distribution in many streams may well 
be individ ualistic as concluded by Rabeni and Gibbs (1980) for a deep river in Mam and Winter- 
bourn et aL (1980) for New Zealand nvers. This argument follows the well-established ideas of 
Gleason (1926) for vegetation where he suggests that there is not a fine tuned accommodation with 
«v«isting species. It seems likely that tributaries axe just one way in which habitat heterogeneity 
is increased and that various species of stream invertebrates will show the effects in their distri¬ 
bution and abundance. Sample size must account for such variability especially as the subtle effects 
of same effluents entering in a similar manner to tributanes may be difficult to interpret (figure 3). 

Stability, Predictability and Diversity 

Vannote et al (1980) and Vannote and Sweeney (1980) propose that rivers are highly ‘stable’ 
systems. Stability or constancy can be viewed as a high level of predictability (Colwell 1974). 
According to Vannote et al. (1980), a constant environment will lead to constant numbers, high 
species nchness and energy processing Vannote and Sweeney (1980) studied temperature as the 
major controlling factor on aquatic invertebrates. Temperature usually exhibits clear diel and 
seasonal periodicity, and m such cases it is highly predictable (high contingency, Colwell 1974). 
If temperature is a controlling factor, it may lead to highly structured functionally predictable 
communities (Holling 1973), and this idea is provided m support of the RCC 

If a highly predictable factor, such as temperature has the major control over biotic variables 
then relatively few samples would be needed to estimate its, effects This would be so because 
temporal heterogeneity and its effects on aggregation would be low, requiring fewer replicate 
collections. The La Trobe River is subject to a number of environmental disturbances one of which 
is heated water from thermal power stations (Marchant et al 1984). In relation to Vannote and 
Sweeney’s (1980) work it is significant that temperature was not found to be a major factor causing 
variation in biotic variables in the La Trobe River (Marchant et al. 1984). This suggests that the 
fauna of the La Trobe River have evolved not to require a high level of predictability for tempera¬ 
ture in their environment and so artificial changes m it had little effect 

High predictability (constancy and contingency) in the aquatic environment may allow more 
species to coexist, e g as found in lakes by Lang and Hutter (1982) for ohgochaete communities 
and Zaret (1982) for fish communities. Winterboum et al (1981) have reported that New Zealand 
streams are unpredictable environments and that, in turn population numbers and species rich¬ 
ness are determined by habitat changes rather than energy processing as suggested by Vannote 
et al. (1980). 

Holling (1973) discusses the ecological hypothesis that higher species diversity will lead to 
greater stability of a community from the point of view of the environment. He suggests that 
highly predictable environments will yield predictable or constant populations and unpredictable 
environments correspondingly unpredictable populations Holling (1973) argues that commu¬ 
nities in predictable environments will be more susceptible to perturbation than those from less 
predictable ones. These ideas have been supported by workers in aquatic systems. T Ang and 
Hutter (1981) show that ohgochaete communities from stable environments were more susceptible 
to perturbation than those from less predictable environments and Zaret (1982) also draws this 
same conclusion for fish communities in his test of the diversity/stability hypothesis. The idea that 
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r A .i Tnniiinties with a higher species diversity will be more stable and therefore less subject to pertur¬ 
bation has often formed the basis for interpretation of data to assess pollution. Many definitions 
of diversity and stability have been provided in the literature, and reviews can be found by Good¬ 
man (1975) and Washington (1984). Whichever of the meanings attached to diversity and stability, 
it seems that there is no clear ecological relationship between them (Goodman 1975, Washington 
1984). Goodman (1975) points out that the evolutionary goal of a species is it’s persistence in the 
environment. Holling (1973) points to the relevance of Huffaker et al.’s(I963) experiments with 
predatory and phytophagous mites which attest to the importance of habitat heterogeneity allow¬ 
ing for the survival and coexistence of two species. For a species to persist and be successful in 
exploiting the environment it must have a behavioural (and physiological) flexibility which is 
roughly inversely proportional to the predictability of the environment (Piaaka 1966, Goodman 
1975). This is an important concept to be kept in min d when using biology to assess the state of the 
environment Sample size and the resulting precision should be sufficient to discriminate between 
variability resulting from perturbation and variability resulting from environmental heterogeneity 
(both spatial and temporal). 

The biological effects of changes in physico-chemical variables will largely be determined by 
the pre-existing state of the biotic variables. For example the effect produced by a chemical change 
which promotes population growth (say phosphorus on phytoplankton) will be greater on a large 
population already in its exponential growth phase than it will on a smaller population prior to 
its exponential growth phase. On this basis preceding historical events or conditions may deter¬ 
mine the effects of a perturbation. Time series analysis is appropriate in such cases and according 
to Legendre and Legendre (1983) this is an option which is largely neglected in environmental 
assessment. 

The level of (un) predictability of the environment, rather than its constancy or periodicity as 
suggested by Vannote et al. (1980), is likely to be more important m determining the ability of the 
system to absorb perturbation than species numbers. 

Simberloff (1982) forcefully argues that the deterministic approaches such as that espoused by 
Vannote et al. (1980) have rarely been successful m ecology and that we should take into account 
the stochastic nature of the environment. The mdeterminancy and the ‘individuality of popula¬ 
tions and communities is their most striking, intrinsic and inspiring characteristic.. (Simberloff 
1982). There is a good deal of evidence in support of Simberloffs, views. The level of precision 
required to do so will largely be determined by the magnitude of the differences caused by pertur¬ 
bations and/or other factors being assessed (figure 3). 
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Introduction 

The literature concerning biological effects of heavy metal contamination in riven and streams 
is extensive (Phillips 1980), with much of it directly or indirectly relevant to monitoring. Though 
several biological methods have been reported for assessing heavy metal pollution, only few of 
these have been universally accepted. BOD (Biological Oxygen Demand) test (for monitoring orga¬ 
nic pollution) and use of ‘moss bags’ and epiphytic lichens and mosses (for monitoring aerial 
pollution) have drawn wide interest in biomonitoring. 

The aim of the present review is to assess the methods which are available and to consider 
where further research is needed most urgently. 

Biological methods for monitoring heavy metal contamination fall mostly into four categories: 

1. Analysis of metal composition of organisms which are attached or (in the case of 
animals) have a restricted range; 

2. Toxicity assays; 

3. Analysis of species and community composition; 

4. Assessment of adaptation. 

The following outline of each approach helps to bring out the main arguments which have 
been put forward to justify inclusion of biological methods. 

Metal Composition of Field Populations 

The ability of aquatic organisms to take up heavy metals from water, producing an internal 
concentration greater than in their surroundings is known for many species Studies on plants 
have more often been directed specifically to monitoring metals in water (Dietz 1973, Emparn 1976, 
Wehr & Whitton 1983), while those on animals have been more concerned with assessing possible 
hazards, such as high concentrations in invertebrates forming part of the diet for fish (Mathis & 
Cummings 1973, Eyres & Pugh-Thomas 1978, Adams et al. 1981, Burrows & Whitton 1983). 

(i) The enrichment of metals in organisms in comparison with water increases the sensitivity 
of detection. Obviously, the value of increased sensitivity depends on the type of analytical faci¬ 
lities available and whether or not water samples are concentrated before analysis; but several 
elements (Cd, Hg) can have toxic biological effects at concentrations in water which may not 
be detected by less sensitive atomic absorption spectrophotometers. Enrichment is particularly 
important when there is a need to momtor radionuclides, as shown by Lambinon et al. (1976) 
with a range of plants and six radionuclides in the Meuse below a nuclear power station. 

(») The use of biological materials which accumulate heavy metals provides an easy method 
where facilities for sampling or analysis are lacking. Samples of moss can, for example, be 
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collected by anyone who suspects that contamination may have occurred at a site and, these 
sam ple can, if necessary, be posted to a distant laboratory for analysis. 

(in) In situ organisms may give an integrated record of pollution within a particular system 
(Empam 1976), though considerable background information is needed if the data are to be inter¬ 
preted in detail. 

(iv) In situ organisms may also be used to monitor a single pulse of contaminated water; if 
the response is persistent it may be possible to detect or quantify pollution hours or even days 
after the polluted water has passed downstream (Say et al. 1981) 

(v) It is reasonable to assume that metal accumulation by an organism gives a better indi¬ 
cation of the fraction of the metal in the environment which is likely to affect the aquatic ecosystem 
than most types of direct chemical analysis (Empam et al. 1980). 

(vi) Dried biological materials are much easier to store than water samples, being compact 
and stable with respect to most elements. Providing minimal precautions4-water management 
bodies can retain samples indefinitely, permitting further elements to be analyzed years later 
(Whitton et al. 1981). The samples are easy to send via the post for inter-laboratory comparisons 
of methods or for analysis by specialized techniques. 

A data-bank on metal accumulation, acquired as a result of routine monitoring, may also 
prove helpful for other purposes, such as the design of systems for ‘stripping’ metals from indus¬ 
trial and mine effluents (Jennett et al. 1977, Wixson 1977). 

Toxicity Assays 

The use of toxicity tests for biological monitoring has been discussed in detail m several recent 
accounts (Buikemaet al. 1982, LeClerc & Dive 1982). The majority of studies have assayed the 
effects of toxicants in the laboratory in order to predict their effects in the field and set limits for 
particular effluents or environmental legislation in general. Although a number of studies have 
been made on the effects of pollutants (including heavy metals) on physiological processes of 
plants m rivers, it is only with animals, especially fish in cages, that m situ assays have reached the 
stage of practical monitoring (Cairns et al 1973, Cairns & Dickson 1978). 

A whole range of bioassays are available for monitoring purposes which could be adapted for 
use at field sites and perhaps even automated, but are in practice still earned out after return to 
the laboratory Such tests are particularly important where it is necessary to interpret the effects 
of mixed pollutants. For instance, Greene (1978) used laboratory cultures of the algae Sele- 
nastrum, Anabaena and an isolate of an indigenous strain of Sphaerocystis to interpret the effects 
of zinc and sewage effluent reaching Long Lake, Washington, from two different inflow rivers. 
Studies dealing specifically with freshwater animals and heavy metals include protozoa Daphnta 
magna and Salmo gairdneri (Calamari et al 1980). 

Discussions that I have had with people in water management bodies in various countries in 
western Europe have often led to the speculation that biological assays will eventually be carried 
out largely by the use of bactena. Although bacteria are used very widely m industry for toxicity 
tests and have often been used m laboratory comparisons of the effects of polluted water (Bilton 
1983), they appear seldom to be used for routine monitoring of nver water chemistry and there are 
apparently no published accounts where they have been used specifically for heavy metals The 
study by Williamson and Johnson (1981) on wastewater effluent from a fibreboard plant is a good 
example of the way bactena could be used Freeze-dried Nitrobacter was brought into an active 
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growth st ate and its metab olic activity measured by the rate of loss of nitrite, determined spectro- 
photometrically, determination could also be carried out by measuring nitrate production with a 
electrode. The whole method appears suitable for automation in a riverside monitoring 

station. 

Analysis of Species and Community Composition 

There are many accounts of the impact of heavy metals on the taxonomic composition of 
livers and streams (Carpenter 1924, Besch & Roberts-Pichette 1970, Funk et al. 1975, Wixson 
1977, Adams et al. 1980, Abel & Green 1981, Norris et al. 1982, Say & Whitton 1982) Such 
f fridtee are important for assessing damage to the ecosystem and helping to predict effects of metal 
pollution elsewhere, though it is important to stress that there is no reason to expect the response 
to one metal to be similar to that of another. The information has not so far been synthesized 
into an index or score specifically designed to monitor heavy metals in the way that information 
has been taken from rivers with varying degrees of organic pollution (e.g saprobic index: 
Sladecek 1973). Methods such as those tested by Anmtage et al. (1983), which uses a score based 
on occurrence of macroinvertebrate families, would seem well suited to making comparisons 
between sites, but will require critical study before it is clear what their value is for metal-polluted 
rivers. 

The use of plant species and natural communities as indicators and monitors of river water 
quality has been reviewed by Whitton (1979), but relatively few examples deal with heavy metals; 
the use of algae specifically for heavy metals is discussed by Whitton (1984). Abundant growths of 
Stigeoclonium combined with the complete absence of Cladophora are often associated with high 
concentrations of heavy metals combined with relatively high nutrient concentrations. Conversely, 
massive growths of Cladophora usually indicate that heavy metals are present only at low concen¬ 
trations. Among animals, chironorcud larvae are especially tolerant to heavy metal pollution 
(Norris et al 1982), as are stoneflies to at least zinc and lead (Jones 1940, 1949). Several 
authors have found Mollusca to be rather sensitive, but Noms et al. (1982) reported that one 
species in the South Esk River (Tasmania) was much more abundant below a source of mixed 
cadmium, copper, zinc and lead contamination than above it. 

The analysis of microbial communities developing on artificial substrata has been advocated 
by many authors as a method of biological monitoring which is capable of being standardized and 
quantified. So far, none of the studies which have put the method to practical use m the field (e g 
Friedrich 1973, Cairns 1979) appear to have dealt with heavy metals. This approach appears to 
have considerable potential for monitoring metals, but is likely to be used only by the skilled bio¬ 
logist because of the problems of taxonomic identification and the need to consider whether changes 
in tolerance are taking place. 

Assessment of Adaptation 

There is considerable evidence for heavy metal-polluted rivers that at least some and probably 
many of the bacteria (Hamdy & Noyes 1975, Luli et al. 1983) and algae (Whitton 1984) 
present are strains which have acquired tolerance to the metals present. Assays such as that 
developed by Say et al. (1977) for filamentous algae could provide an effective means of monitoring 
rivers where there is access to laboratory growth facilities; these have not, however, so far been 
put to practical use for routine monitoring. 
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Future Developments 

Cairns (1981) has given a clear account of the future needs for biological monitoring, both with 
respect to society’s requirements for such monitoring and the development of methods to fulfil 
these. Although his several comments are made without reference to particular pollutants, they 
provide stimulating reading for anyone wanting to develop methods for monitoring heavy metals. 
I would like to add a few comments based on my own experience of dealing with water manage¬ 
ment bodies in Europe. 

The most urgent priority in developing biological monitoring for heavy metals is to get just 
one or two methods accepted widely. The methods should be well documented, but relatively 
simple and the results should be capable of interpretation by chemists as well as biologists. The 
use of methods based on plant analysis, especially with the larger algae and mosses, fulfils these 
criteria well It has already been put to practical use for a number of rivers by water management 
biologists, although considerably more research is needed before the approach justifies conside¬ 
ration as a ‘standard’ method. It could provide a link between methods used to monitor potentially 
toxic concentrations of heavy metals and to monitor radionuclides. (In the UK, and probably in 
most other countries, biological methods for monitoring these two pollutants have been developed 
independently and with little thought for possible standardization.) If the analysis of plant and 
perhaps that of animal tissues as well, is eventually to be accepted as a standard approach, then it 
will be important to select a few species whose properties are understood well. A list of 10 plants 
suited for the UK and probably much of Europe has already been put forward (Whitton et al. 
1981). Several of these, such as Cladophora and Enteromorpha can also be used m subtropical and 
tropical rivers, but there is an urgent need to study heavy metal accumulation by other widespread 
genera of submerged forms such as Ceratophyllum and Vallisneria. 
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Hazard Assessment of Toxic Substances Using Model 
Aquatic Ecosystems 

MASAYUKI YASUNO 

Division of Environmental Biology , National Institute for Environmental Studies, 
Yatabe, Tsukuba 305, Japan 


Untadn 

Hazar dous substances entering the aquatic environments affect not only particular organisms but 
also the total ecosystem. Floral or faunal change happens to be a major aspect of such effects on 
ecosystems. Despite several studies on the specific flora or fauna m the environments polluted with 
heavy metals or pesticides (Yasuno etal. 1981a, 1981b, 1982a, 1982b, 1984), the biological processes 
in such changes are still not well known. Model ecosystems are useful to elucidate these biological 
processes of any change in an ecosystem under stress as emphasized by many investigators 
(Barrett et al. 1976, Draggan & Giddings 1978), since replicated experiments can be conducted. 
Model ecosystems desirably include most properties of natural ecosystems. Hill and Wiegert 
(1980) classified the level of microcosms according to the community structure, which was 
constructed with either natural inoculum or selected species inoculum. So-called laboratory 
microcosms were inoculated with limited species components (Odum 1962, Taub 1969). 
However, they are far from natural complexing ecosystems in terms of the freedom of change 
when exposed to pollutants. The question is whether such low level model ecosystems can be 
used for some particular purposes to analyze the interactions between the primary functional 
groups, namely, one species, each of phytoplankton, zooplankton and bactena. Furthermore, 
it must be examined whether the model ecosystem will serve as a sensitive system to detect the 
hazard of chemicals. Natural inoculum to containers m laboratory has usually been water from 
lakes or ponds (Jassby et al. 1977) However, the species composition in the laboratory was often 
different from the original natural population. Although it is desirable to assess the impact of 
hazardous substances in natural ecosystems, the limited availability of study sites makes difficult 
the repetition of experiments. However, outdoor model ecosystems such as pond, artificial water 
channels or enclosures served the purpose (Hurlbert et al. 1972, Brooker & Edwards 1973). 

In the present paper, model ecosystems of three levels used for the hazard assessment of 
chemicals are presented and complexing responses of the ecosystems to chemicals are discussed. 

I. The Simplest Microcosms 

The simplest microcosms together as a functional unit include a producer, a consumer and a 
decomposer. We had used Chlorella sp. as a producer and a species Cladocera, Moina macrocopa 
and a parthenogemc species of small chironomid, Paratanytarsus parthenogeneticus were used as 
a consumer, since they can reproduce m a small space (Miyashita & Yasuno 1984) The 
microcosms were prepared in 200 ml beaker containing 150 ml autoclaved tap water. After the 
inoculation of organisms, they were held at constant 23 ± 2 °C under 5,000 lux in light intensity 
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with a 12hrL-12hr D photopenod. Each senes of expenment had been started with 96 
beakers, of which randomly sampled 4 to 6 were sacrificed for the measurement on each sampling 
day, as chlorophyll V or phaeopigments were measured using whole water and Moma or midge 
larvae killed for count 

The microcosms constructed consisted of the following four systems: 

System I Chlorella -Bacteria 
System II Chlorella-Moma-Bacteria. 

System m Chlorella-Paratanytarsus -Bacteria 
System IV Chlorella-Moma, Paratanytarsus -Bacteria 

The inoculum was constituted with 3 33 x 10 cells ml of chlorella, 10 individuals of 
Moina macrocopa and/or Paratanytarsus parthenogeneticus. No specific bacteria were inoculated 
since the algal or consumer’s colonies were not axemc. 

System I (figure la) 

This system not being stable as expected made Chlorella population detenorate 40 days 
after and then, the bactena increased. No oscillation was noticed within the experimental 
period. 

System II 

In this microcosm (the simplest of its kind), Moina macrocopa population increased as far 
as the food was available (figure lb) Such outbreak of zooplankton may happen even in the 
field on some occasions Then the Moma population was declining with oscillation. The density 
of bactena also oscillated correspondingly 

System III 

The reproduction of Paratanytarsus took place with an approximately 30-day-raterval in this 
system (figure lc) This was much longer than a 3-day-cycle of Moina macrocopa m System EL 
The density-dependent regulation of population worked for this species more strongly than in 
Moma and therefore, the population size was stabilized. Bactenal density was lower than 
System II 

System IV 

The two consumers were different in their habitat m the beaker, one was planktonic and 
the other was m the nest on the bottom or wall Therefore, they had coexisted in most cases 
(figure Id) Particularly, this system was beneficial to Moma which could maintain a high density 
until 110th day when the expenment was terminated, possibly because of the active role of 
Paratanytarsus m the resource recycling On the other hand, Paratanytarsus had only two 
generations over a period of 100 days in this system, suggesting the suppression of growth due to 
the presence of Moma 

The coefficient of variation of each parameter indicates the stability of the system (table 1). 
Since the number of individuals of Moina oscillated widely, the coefficient was always high in 
every system. The same fact was recognized in the amount of chlorophyll “a” or in the number 
of Paratanytarsus, however, pH or total biomass did not vary so widely. 
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Table 1 Coefficients of variations of parameters in different systems of microcosms 


Parameter 


Microcosms system 



I (3)* 

n (6) 

m«>) 

IV (5) 

Biomass 

2 7% 

13.6 

11 0 

KBj 

Chlorophyll ‘a’ 

8.6 

38.9 

32 5 


PH 

1.3 

4 1 

3 2 


No. of Bacteria 

52.6 

41 0 

65 4 


No. of Moina 

— 

49 5 

— 


No. of Paratanytarsus 

— 

— 

36 1 

mum 


* No. of replicates 


Effects of Cd (CdC/*) on Microcosms 

rnHmiirm was applied to Systems I, II and in at the start of the experiment with the 
concentration of 10 ppb and 100 ppb. In System II ( Chlorella-Moina ), 100 ppb Cd markedly 
suppressed the initial population growth of Moina, whereas the population exposed to 10 ppb Cd 
showed the same trend as the control population (figure 2). In System III (Chlorella- 
Paratanytarsus), Paratanytarsus died off with 100 ppb of Cd at the beginning of the second 
generation. The population suffered markedly even at 100 ppb (figure 3). 

If we compare 48hr LQ 0 of Moina and Paratanytarsus, the former is more susceptible to 
Cd (30 ppb and more than 100 ppb, respectively), the present experiment using microcosms 
demonstrated higher susceptibility of the midge population The changes in the other parameters 
in the microcosms contaminated with 10 ppb of Cd, are shown in table 2 System I did not change 
much. The change could be found much earlier m System II. The density of Moina and the 
amount of chlorophyll V were significantly different from the control, 4 days after. The 
significant change follows m an order of phaeopigments, bacterial density, pH and total biomass. 
While, System in showed significant differences on 16th and 20th day only, indicating the 
adaptation of the ecosystem to the presence of Cd. 

Fate of Cd m the Microcosms 

Cadmium added to the microcosms remained intact since the metal and did not vaporize m this 
condition. The concentration of Cd m water, one day after, however, decreased to about 0.15 ppb, 
that is, 15% of the concentration added (figure 4). Almost all Cd seemed to be adsorbed to the 
wall of beaker. Approximately, 10% were adsorbed or absorbed by Chlorella. The concentration 
of Cd in Chlorella increased gradually but decreased again because of the majority of them fed 
by Moina which in turn showed an increase m the concentration of Cd. The Cd concentration 
in water fluctuated m accordance with the change of the total amount of Cd m Chlorella which 
meant that only 10 to 15 % of the added Cd had moved freely from water to organisms and 
vice versa. 

Mathematical Model for the Microcosms 

Mathematical models to simulate the changes in the microcosms were developed using 
Biological Growth Simulator (Version 11/01) (Hakamata et al. 1984). For this simulation, the 
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Figure 2 Population dynamics of Moina macrocopa in System H when Cd was added 

dynamics of Chlorella-Moma system was selected. The May model (May 1974) on the interaction 
of prey and predator was applied 

dP/d# = rP (1 -P\K)~kH {1-exp(-cP)} 
and 

dH/dt = H [~h+5{l—exp(-cP)}], 

where P and H represent the quantity of phytoplankton ( Chloretta ) and the number of herbivore 
(Moina), respectively; r, k, b, B, c, k are parameters— K being the canying capacity of the 
environment. 

Initial conditions are 3,000 for the phytoplankton and 1 0 for the herbivore. Other 
parameters can be determined graphically on a display by trial and error. However, this dynamics 
did not fit at all to the experimental results. Therefore, they treated two parameters, K (carrying 
capacity) and c (demographic efficiency) as a changing function. The results of this alteration 
showed better simulation to the change m the microcosms where the number of Moina declined 
after oscillations (figure 5) 
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Figure 3 Population dynamics of Paratanytarsus parthenogeneticus in System III when Cd was added 


IL Laboratory Microcosms with Natural Inoculum 

Preparation and Experimental Conditions 

This is an intermediate type of microcosm between laboratory microcosms inoculated with 
limited species and outdoor model ecosystems. We have used various sized containers 
from 315x185 x 244 mm to 1 0x2 Oxl lm. The smallest one was an aquarium made of glass 
lined with a polyethylene film, which was placed m a room at a constant temperature of 20 °C. 
All the containers received 22-29 Wm of 400-700 nm of fluorescent tube light at the surface of 
water with a 12 hr L-12 hr D photopenod The largest laboratory microcosms were prepared in 
concrete ponds in a green house and therefore, the natural light source was used. The ponds were 
lined with polyvinylchloride plates. 
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Figure 4 The change in the concentrations of Cd in Figure 5 The result of simulation of the dynamics of 

water, chlorella and Moina respectively after 10 ppb Moina and chlorella using BGS EU (Hakamata, 

Cd was added in Microcosm System n. et al. 1984) 


Table 2 Significant difference (*) in parameters from control m three types of microcosms on days after addition 
of 10 ppb Cd 


Parameter 




Days 





4 

8 

12 

16 

20 

24 

28 

System I: Chlorella -Bacteria 

Chlorophyll "a” 

— 

— 

— 

— 

— 

— 

— 

Phaeopigments 

— 

— 

— 

* 

— 

— 

— 

No. of Bacteria 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

* 

— 

— 

Biomass 

— 

— 

* 

— 

• 

— 

— 

System II: Chlorella-Moina-BsLCtena. 

No. of Moina 

* 

* 

* 

— 

— 

— 

— 

Chlorophyll “u” 

* 

* 

• 

* 

* 

* 

— 

Phaeopigments 

— 

• 

* 

— 

— 

* 

— 

No of Bacteria 

— 

* 

— 

* 

— 

— 

* 

PH 

— 

— 

— 

* 

— 

* 

• 

Biomass 

— 

— 

— 

— 

• 

* 

* 

System m : Chlorella-Paratcmytarsus-Bactena. 

No of Paratanytarsus 

— 

— 

* 

* 

— 

— 

— 

Chlorophyll “a” 

— 

— 

* 

* 

— 

— 

— 

Phaeopigments 

— 

— 

— 

— 

— 

— 

— 

No of Bactena 

— 

— 

—- 

* 

* 

— 

— 

pH 

— 

— 

— 

* 

* 

— 

— 
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Fl 8 ure 6 Succession of zooplankton in a glass aquarium inoculated with lake sediments 
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The inoculum for these microcosms was sediment collected from Lake Kasumigaura. They 
had been preserved m a dark room at S °C. It was confirmed from another experiment that the 
composition of zooplankton appeared from the sediment did not change at least for 12 months 
u r»w the conditions of the present study. 

The aquarium was filled with 101 of water which was prepared filtering dechlorinated tap 
water through Milli-R04 and then 500ml of the sediment was added. The zooplankton 
communi ties arising from the systems depended on the water temperature. Prior to the 
experiments, it was confirmed that the maximum number of species of rotifers appeared at 
20 °C, namely, 18 species of rotifers established the population, a week after and 5 species of 
cladocerans appeared slightly later. The establishment of the populations was sequential. The 
rotifers decreased when cladocerans increased and copepoda appeared lately because of their 
slower growth. There was a clear sequence even among the species of cladocerans. Moina micrua 
always appeared first and Bosmma fatalis followed. Bosmma longispina did not appear at 25°C, 
whereas Diaphanosoma brachyurum increased only at 25°C In all 33 species of rotifer, 

8 species of Cladocera and 6 species of copepoda were recovered from the sediments. Thus, 
the sediment contains a number of dormant eggs of zooplanktons but the population establishment 
depends on their growth and reproduction rates and furthermore depends on the interactions 
among species. These results are contrasted with the experiments by Beyers (1963) who used 
sediments Oilgochaeta, snails and a variety of protozoa appeared but zooplanktons were few 
m his glass aquarium. 

Since the sediments contain the cysts or cells of phytoplankton and nutrient, phytoplankton 
established first in this system but their species were not identified. Nutrient enrichment certainly 
increased the biomass of phytoplankton and consequently that of zooplankton but did not help 
maintain the miciocosms for a longer period and did not change the species composition of 
zooplankton but rather enhanced the dominance of a particular species For example, the 
number of Brachionus calyciflorus increased from 407 to 2145 on 7th day after the addition of 
nitrogen and phosphorus but disappeared on 14th day. 

Succession 

A marked succession of the zooplankton m the aquaria could be recognized as shown m 
figure 6. Phytoplankton established its population soon after the start of the experiment and 
nauplii appeared first and rotifer population quickly grew and graze the phytoplankton. The decline 
of die biomass of phytoplankton agreed also with the increase of cladocerans and copepods 
Rotifers disappeared with the appearance of cladocerans in this system and meanwhile the 
biomass of phytoplankton remained at a low level. 

Effects of Insecticides 

Three kinds of chemicals were applied into this system. Both chloropynfos methyl 
(0,0-dimethyl 0-(3,5,6-tnchloro-2-pyndyl)-phosphorothioate) and chlorphoxim (O-chlorophenyl) 
glyoxylomtnle oxime 0,0-diethyl phosphorothioate) are organophosphorous insecticide and 
diflubenzuron (l-(4-chlorophenyl)-3-(2,6-difluorobenzoyl) urea) is chitin synthesis inhibitor. 
These are commonly used against aquatic pests and therefore might have affected actual aquatic 
ecosystems. A total of 16 aquaria were provided, of which 4 were served for control and the 
remaining were treated with three chemicals at the beginning of the expenment, respectively. 
The observations were made on 2 aquana for each on 7th and 14th day, respectively. 
The concentrations of these chemicals applied were 0.001, 0.01 and 0.1 ppm. 
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At the hi ghes t concentration of chloropyrifos methyl, cladocerans did not appear 
(figure 7). Instead, rotifers showed the highest density, indicating the tolerance of rotifers to the 
chemical as well as the competitive relationship with cladocerans. In other words, cladocerans 
suppressed the density of rotifers in the normal conditions (see control in figure 7). Copepoda 
had not been affected with this concentration of the chemical. As a result, the phytoplankton 
biomass increased in the systems treated with insecticide 

Chlorphoxim was more toxic to cladocerans and copepods. They did not show up at 0 01 
and 0 lppm. Even naupln or rotifers were affected and could not build up the population at 
O.lppm (figure 8) 

The impact of diflubenzuron on zooplankton was more serious (figure 9). No cladocerans 
appeared even at 0.001 ppm. Rotifers were also suppressed with this concentration. Only a few 
individuals appeared at 0 01 and 0. lppm, respectively The biomass of phytoplankton was 2 
times higher of the control’s on 7th day at 0 001 and 0 Olppm but significantly lower at 0 .Olppm. 
Since the grazing pressure was lower at 0 lppm, the low density of phytoplankton indicates the 
toxic effect of the insect growth regulator on the growth of phytoplankton. 

Regarding individual species of rotifers, there is no species specific to be susceptible to 
chloipyrifos methyl or chlorphoxim. In the case of diflubenzuron, Keratella tropica, Trichocerca 
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Figure 7 The effects of chlorpyrxfos methyl on the 
zooplankton community in a model ecosystem The 
chemical was applied on the first day 
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Figure 8 The effects of chlorphoxim on zooplankton 
community m a model ecosystem The chemical was 
added on the first day 
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Figure 9 The effects of diflubenzuron on zooplankton community in a model ecosystem. The chemical was added 
on the first day 

similis and Trichocerca spp. seemed to have some tolerance but even these species could not 
persist until 14th day. 

Similar experiment using a larger glass aquarium (600 x 295 x 360mm) with duplicates 
showed the same tendency. The differences obtained using larger aquana are that the maximum 
population size of cladocerans reached to 800 whereas it was 150 m the small aquaria The 
species of rotifers which obviously increased after the insecticide application was Filmia Iongiseta. 
This result indicates that the species was specifically suppressed by cladocerans. 

Giddings and Eddlemon (1977) used two-sized microcosms (71 and 701) lo follow the fate 
of arsenic in the system and found a size of lesser effect The author used three sized microcosms 
and obtained a similar conclusion Giddings and Eddlemon also used autoclaved lake sediments 
but of course, the organisms in the ecosystem were limited Later, they (Giddings & Eddlemon 
1978) used 80 1 glass aquaria containing untreated sediment from pond to study the effects of 
arsenic on the community respiration and production They found also the shift of community 
structure during the recovery. Jassby et al. (1977) prepared microcosms including zooplankton 
inoculated with lake water but the variation of the composition of zooplankton occurred. It is 
difficult to provide homogeneous zooplankton population from lake water since it vanes from 
sample to sample and from season to season. The inoculum of lake sediments in the present study 
contains potentially a large number of species and provides repeatable microcosms. 
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m. Enclosures in a Pond 

Many outdoor model ecosystems had been developed (Gachter 1979, Grice & Reeve 1982). 
Ponds were most efficiently used as mentioned before. Ecosystems in enclosures were more close 
to natural ones, since the species enclosed are the same to those m lakes or ponds. Some 
enclosures are very large but the handlings becomes difficult. The size of enclosure is important 
in determining characters of the ecosystem. However, the size is not necessarily a determinant 
factor. Even small enclosures may have the same physico-chemical properties as the surrounding 
water. 

Enclosures set in a pond in the National Institute for environmental studies were 
transparent cylindrical ones of polyethylene film with stainless steel flames. The diameter and 
the height were lm and 4m, respectively. The enclosures were driven into the bottom of the 
pond, so that the bottom mud was being exposed to the water column enclosed In this 
experiment, aeration from a compressor pump was facilitated at the rate of 1 21 per min to 
prevent the sedimentation of phytoplankton 

Effects of Herbicide and Insecticide 

Four enclosures were set in a pond in November 1982. Two were treated with chlomitrofen 
(2',4',6-tnchlorophenyl 4-mtrophenyl ether or CNP), a common herbicide for paddy fields in 
Japan, at 1.0 ppm and 02 ppm in concentration, respectively (Yasuno et al. unpublished). 
Another enclosure was treated with temephos (0,0,0',0'-tetramethyl 0,0'-thiodi-^-phenylene 
phosphorothioate), an organophosphorus insecticide to be 100 m m concentration. One served 
as control. The chemicals applied were disappearing from water exponentially (figure 10). They 
were one fiftieth to one hundredth of the beginning one month after but still some remained two 
months after. The pond was not rich for nutrients. Phosphate was less than 10/ig 1~* most in the 
time and nitrate-tinte or ammonium nitrogen was also within therangefrom 0 2-30 pgir 1 . The 
organophosphorous insecticide applied seemed to increase the level of the concentration of 
phosphorus slightly but the effect disappeared very quickly and actually no effect on the biomass 
of phytoplankton could be appreciated. 

Chlornitrophene affected phytoplankton at lppm. The transparency measured with Secchi’s 
disk one month after the treatment was 3.5 m, 2.2 m, 2 3 m and 1 m for lppm chlormtrophen, 
0 2 ppm chlornitrophene, lppm temephos, dnd control, respectively The results could be 
confirmed from the changes in the chlorophyll * ‘a” amount. The species of phytoplankton changed 
in all the enclosures treated (table 3). The predominating species at the start of experiment 
were Cryptomonas and Ochromonas. A species of Cyanobacteria took their places m the 
enclosure treated with 1 Oppm chlomitrofen. In the enclosure treated with temephos, several 
other species such as Nitzchia sp , Dactylococcopsis sp., and a species of Coccoidal Chlorophyceae 
became dominant These results suggest a selective impact of chemicals on phytoplankton 
species but also there remains a possibility of the indirect effect through the disappearance 
of zooplankton. 

The crustacean zooplankton, Tropocyclops prasinus and Daphnia pulex were predo minatin g 
in the enclosures or in the pond (figure 11a). They were damaged seriously by the application 
of the chemicals. Daphma pulex reappeared m Enel 2, which was treated with 0 2 chlomitrofen, 
after 20 days but did not appear m the other treated enclosures till the end of the experiment, 
60 days after treatment (figure 116) While, Tropocyclops prasinus reappeared rather soon 
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Table 3 Changes in phytoplankton in enclosures treated with cfdornitrofen (Ends. 1 and 2) andtemphos (Enel. 3). 
Pond served as control. The chemicals were applied on 1st November 
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Hfean lib in the densities of zooplankton species in the enclosure treated with 0 2 ppm chlornitrofen 

in all the enclosures but never reached the previous density level, in the enclosure treated with 
lppm chlornitrofen, the zooplankton population did not indicate any recovery over a period of 
60 days; whereas, in the enclosure of 0.2 ppm chlornitrofen, a species rotifer, Keratetia cochlearis 
began to increase soon after the treatment Another species of rotifer, Synchaeta sp. appeared 
later but both decreased when Daphnia pulex repopulated. Such a specific change was already 
described in the previous section. Marshall and Mellmger (1980) also found a similar result when 
they treated enclosures in ELA Lake 223 with lppm Cd; namely, crustaceans decreased whereas 
rotifers increased. Such a marked increase of Keratella as in Enel. 2 could not be found in the 
enclosures treated with temephos. 

These chemicals destroyed zoobenthos also. However, the zoobenthos community responds 
to the rftgmiraig differently (figure 12). The herbicide decreased the density of almost all species 
of chironomids, however Ceratopodomdae was not affected. Temephos destroyed the benthos 
more seriously at the concentration applied. The exception was Procladms sp. which broke out 
on the application of insecticide, suggesting the active role of interspecific interaction between 
species in determining the composition of benthos community. 

Discussion 

What is the ecosystem level effect by hazardous substances ’ It is possible to detect it m the 
change of co mm unity metabolisms (Rodgers et al. 1980). They are often compensated by 
altering species or individuals or by increasing efficiency (Bryfogle & McDiffett 1978). The 
compensation is also the characteristic of the response of ecosystem Such change of 
composing species cannot be detected by a simple laboratory model ecosystem. The 
high level model ecosystems mentioned m the present paper are useful to study such 
rfiangftg Thus, the effects of hazardous substances on function of ecosystem sometimes 
cause the change in the ecosystem structure which, in turn, may change the function again The 
most microcosm studies have been concerned with primary producer and therefore, the biological 
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FSpae 12 Effects of chlomitrofen and temephos on zoobenthos Enclosures 1 and 2 were treated with lppm and 
0 2 ppm chlomitrofen respectively and Enclosure 3 was treated with 1 ppm temephos. Pond was control 


processes among the secondary producers or even the interactions between the primary and 
secondary producers have not been studied well. The present study indicates that the interactions 
between zooplankton species are potentially important to maintain the ecosystem, with the 
dominant species destroyed, other species take place in the niche The similar results are 
recognized among the phytoplankton species but the cause-result relationships are still not 
clear. 

The response of even two or three component ecosystems was different from the acute 
toxicity to single species However, the model ecosystems are not so susceptible compared with 
individual organisms and therefore, cannot replace the conventional tests for hazardous 
compounds. The objective of the use of model ecosystem is, therefore, not to develop a sensitive 
toxicity test method but to analyse the biological process in the ecosystems contaminated with 
hazardous substances. The model ecosystems are useful to understand the impact of such 
substances in Nature 
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General Situation and Prospects of Studies on Biomonitoring 

in China 

WANG DEMING 

Institute of Hydrobiology , Academia Sinica, Beijing, China 


Biomonltorii^ and Assessment of Water Pollution 

Indicator organisms have been, successfully employed m the bioassay and assessment of water 
pollution in China since the mid 1970s. Zhang Zhixue et al. (1981) reported that con¬ 
centrations of 0.2 pm of HgCl and CdCl 2 , 1 p m of Pb (CH 3 COO) 2 , 100 /im of MnCl a 
inhibited the cell division in Tetrahymem pyriformis. Shen Yufen et al (1979,1980, 1981) and 
Gu Manru (1983) considered that among protozoa, the peritnchous ciliates were good indicator 
organisms. The degree of organic matter and heavy metal pollution has been quickly determined 
by the method of contrasting the periphytic protozoan community through suspending artificial 
substrates into water. The application of PFU (Polyurethane Foam Unit) method, established 
by Cairns, was also found successful in China. The Institute of Hydrobiology, Hubei (1976) used 
Daphnia to monitor the water bodies polluted by pesticides The results showed that Daphnia 
carinate was more sensitive to* parathion>malathion>DDT>mercunc chloride>BHC> 
dimethoate than the fingerlings of silver carp (Hypophthalmichthys molitrix) (table 1) Zhu Yuke 
et al. (1981) surveyed water pollution on Tadyuan Reaches of the Fen Rivers (Shanxi Province) 
by analysing the distribution of phytoplankton population and identified the reaches as heavy to 
moderately polluted. Zhang Zongshe et al (1981) studying the attached algae found that the total 
count of algae attached to artificial substrates in upper and middle reaches of Tumen River was 
proportional to the degree of pollution and suggested the following phytoplanktons as indicator 

Table 1 Comparison of sensitivity of Daphnia and fingerlings of silver carp (Hypophthalmichthys molitrix) to 6 pesticides 


Daphnia cannata Fingerlings of silver carp 



Water 

temperature 

(°C) 

TLm 

value 

Water 

temperature 

(°Q 

TL* 

value 

Farathion 

25±2 

48hrTL» 

0 21 ppb 

27±1 

48 hr TLm 
96 hr TL m 

1 75 ppm 

1 68 „ 

Malathion 

19 5±1 5 

48 hr TLj# 

0 29 „ 

27 

96 hr TLm 

12 00 ,, 

Dimethoate 

265±2 

48 hr TL m 

620 „ 

29 

96 hr TLm 

158.50 „ 

BHC 

26±2 

48 hr TLm 

400 „ 

27±1 

48 hr TLm 
96 hr TLm 

0 66 „ 

0 58 „ 

DDT 

25±1 

48 hr TLjh 

3 2 „ 

27 

96 hr TLm 

0 0084 „ 

Mercuric chlonde 

25 

48 hr TL m 

11 6 „ 

29±1 

96 hr TLm 

0 24 „ 
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species Ceratoneis arcus, Cymbella cistula, Mendion circulare, Diatoma hiemale, Nitzschia fonticola 
end Elhpsoidon oocystoides. Their abundance and dominance provided an index of unpolluted area. 
Nitzchia frustulum, Nancula cryptocephala and Synedra were tolerant to moderate pollution and 
their quantity dropped in samples of heavily polluted area. 

Yan Jmgsong et al (1980) reported that Trent Biotic Index and Chandler Score System were 
more suitable for the evaluation of water quality. In assessing water pollution of Pearl River, 
Qi Sang et al (1982) observed that there were three major groups, i e., aquatic oligochaetes (Nj), 
polychaetes (Nj), and Corbiculafluminea (Nj). The biological Pollution Index based on characteris¬ 
tics of the river community is given below. 

(BPI — log (JVi + 2 )/[log (N 2 + 2)+ log (AT, + 2)] 

The indices were grouped into four classes to evaluate the water quality, viz.<0 5, clean; 0.5-1.0, 
moderately clean, 1.0-5.0, polluted; >50, seriously polluted. Results showed that the BPI was 
better indicator of water pollution than the Shannon-Weaver Diversity Index. Studies on macro- 
invertebrates from upper and middle reaches of Tumen River were carried out by Liu Baoyuan 
et. al (1981) Artificial substrate sample was used for the nine sampling stations in this river. 
The mam taxa were plecopterans, ephemeropterans, tnchopterans, chiromids and aquatic oligo¬ 
chaetes. The data collected during three years were used for biological assessment of the nver on 
the basis of the Trent Biotic Index, Chandler Score System and Shannon Diversity Index. Water 
in upper reaches was determined as clean or moderately polluted, and that in the middle reaches 
from Caidui station to Tumen station was heavily polluted. Water quality downward from station 
Hedong recovered to the extent of being lightly polluted. Huang Yuyao et al. (1979) and Ren 
Shuzhi (1984) reported that there was a correlation of regression between the content of mercury 
and BHC m Corbiculafluminea m Jiyun River and that of mercuiy in bottom soil and that of BHC 
m nver water, respectively The content reflected the degree of pollution and its variation in the 
River Wang Shida (1981) considered the water quality in upper reaches of Xiang River as clean, 
while the middle and lower reaches as lightly or moderately polluted, based on the calculation of 
Biotic Index Based on the results of three year’s monitoring of the polluted River T, Gao Wei 
et al (1980) observed that the application of Macroinverbrate Diversity Index and Diatom Biotic 
Index was not satisfactory The authors concluded that monitoring should focus on: (i) the 
size of the area devoid of macroinvertebrate; (u) microbes (total count of bacteria and biotic 
membranes), and (ui) BOD s 

Jiang Lifan et al (1982) studied the avoidance reaction of silver carp, grass carp 
(<Ctenopharyngodon idellus) and Tilapia mossambica to some heavy metals. Fishes were most sen¬ 
sitive to Ag, Hg and Cu, less sensitive to Zn and Cd; and least sensitive to As and Cr Pulp mill 
effluent has been reported to be one of the mam pollution sources of Tumen River, [TI^ (96hr)] 
to Cherry salmon (Onchorhynchus mason ) was 5 6-11 % by volume Haematological parameters 
(table 2) were found to be the most sensitive to subacute toxicity and the threshold value was 
0 32% The threshold value for fish avoidance behaviour and damage to gill tissue structure 
was 1 % (He Xigm et al 1981) Zhang Ruitao et al (1982) determined that the safe concentra¬ 
tions of fluorides to silver caip, grass carp and common carp ( Cyprinus carpio) were NH 4 F 
1 6ppm, KF, 9 3ppm, and NaF, 11 8ppm At lOOppm NH 4 F, the inhibiting rate of blood 
acetylcholinesterase activity of grass carp was 70%, while at lOppm it was 20% Fish brain 
acetylcholinesterase activity was specificially inhibited by organic phosphorous and carbamate 
pesticides The degree of inhibition was related to the species of fish, characteristics of pesticides, 
concentration and reaction time The Section of Ecotoxicology, 6th Lab, Institute of Hydro- 
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Table 2 Haematologicd parameters of cherry salmon (Oncorhynchus masou) juveniles exposed to subacute concentra¬ 
tions of pulp null effluent for 4 days 



Control 

0 18% 

0 32% 

0 56% 

1 00 % 

1 80% 

Red blood cell 

72=9 

71=4 

71=7 

71=10** 

72=10** 

72 = 6 ** 

(lOVmm*) 

46 3(±20 2) 

5 96(±4 6 ) 

47 9(±16 5) 

74 4(±13 2) 

80 9(±18 1) 

83 7(±18 5 ) 

Immature red 
blood cell 

12=6 

71=6 

71=6 

72=6 

a 

II 

* 

72=6** 

(%> 

1 1(±0 4) 

1 1(±0 3) 

1 6(±0 4) 

2 2(±0 8 ) 

2 4(±0 4) 

3 5(±0 9) 

Average volume of 
red blood cell (a**) 

1015 

812 

830 

542 

534 

534 

White blood cell 

71=9 

7T=1 

71=7 

71=10* 

71=10** 

71=6 

( 10 Vmm*) 

1 54(±0 3) 

1 40(0) 

1 44<±0 3) 

2 05(±0 5) 

2 37(±0 5) 

1 74<±0 4) 

Lymphocyte (%) 

79 6(±6 91) 

75.7(±15.4) 

71 6f±12 1) 

72 2(±4 3) 

69 2(±8 4)* 

69 7(±10 8 )* 

Monocyte (%) 

20.4(±6 9) 

24 3(±15 4) 

28 4<±12 1) 

27 8(±4 3) 

30 8(±8 4)* 

30 3(±10 8 )* 

Haemoglobin 

n=3 

n=7* 

»= 10 * 

71=10 

o 

v-t 

II 

» 

71=3 

Gram(%) 

4 90(±0 66) 

5.76(±0 43) 

6 15(dh0 76) 

6 08(±0 88 ) 

5 74<±0 77) 

6 70(±0 60) 

Haemotocnt 

71=6 

71=9 

a 

II 

5 

71=8 

71=6 

71=8 

(%) 

46 99(±6 9) 

48 41(±6 5) 

39 76(±6 2) 

40 30(±5 2) 

43.21(±3 7) 

44 70t±3 3) 


Average volume of red blood cell (v-*) = 


Haemotocnt 
Red blood cell 


t=test value, 
significant 


P >0 05 difference significant, *0 05>P>0 01 difference significant, **P<0 01 difference very 


biology, Hubei Province, reported that the higher concentration of BHC (0 295ppm) would 
enhance the inhibiting effect of malathion (0 168ppm) to fish brain acetylcholinesterase activity 
(table 3) Based on the measuring of the activity of brain acetylcholinesterase, serum glutamic- 
oxaloacetic transaminase and glutamic-pyruvic transaminase of silver carp, common carp and 
crucian carp (Carctssius auratus), they reported that the water quality of Guanting Reservoir 
could be identified as slightly polluted Yang Duan et al (1978, 1980, 1981) found that the 
individual application of TNT, BHC, DDT, Parathion and HgCl 2 in acute toxicity test on the 
fingerlmgs of silver carp, significantly increased the serum glutamic-oxaloacetic t ransaminas e 
activity level m the treated fishes (table 4) Glutamicpyruvic transaminase activity level was 
elevated by parathion The increase m serum transaminase activity was related to the concentra¬ 
tion of mercuric chloride Silver carp exposed to lead nitrate solution in 0 005-5 Oppm Pb++ 
for 7 days, showed that lead had a specific inhibition on the activity of aminolevulinic 
acid dehydratase (ALAD) m fish blood, the extent of inhibition being directly related to the 
concentration of lead in water. Raising water temperature increased lead inhibition The concen¬ 
trations of 0 Ippm mercuric chloride, cadmium chloride, lead nitrate and copper sulphate, 
0.008ppm DDT and 0 84ppm parathion were used separately in sub-acute toxicity tests with 
grass carp for 33 days With Ca ++ , pb ++ , Lactate dehydrogenase (LDH) zymogram of the 
toxicated fish serum changed and the relative activity of SLDH s elevated In Hg ++ -treated 
fishes, the serum zymogram displayed a relative increment of SLDH X band The Cu ++ decreased 
the propoition of SLDH 4 Pollution of estuary water of five rivers m Qingdao was assessed 
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Table 3 Effect of the mixture of JBHC andparathion to brant acetylcholinesterase activity of silver carp (Hypophtha- 
lmichthys molitrix) 



Concentration 

(ppm) 

Toxic unit 

CTu) 

Acetylcholinesterase 
activity (m/mg/hr) 

Relative activity 
(%) 

Control 

0 

0 

2.04 

100 

BHC 

0 292 

0.5 

2.24 

109 

Parathion 

0.168 

0.1 

0.807 

42 5 

Parathion 1 

0.168 

0.1 



+ 


+ 

0.755 

39 7 

BHC 

0.0584 

0.1 



Parathion 

0 168 

0 1 



-t- 


+ 

0.729 

38 4 

BHC 

0.147 

0.25 



Parathion 

0.168 

0 1 





+ 

0.228 

12 

BHC 

0 295 

0.5 




Table 4 Effect of TNT, BHC, DDT, 
(HypophthaJmichthys mohtnx) 

parathion and HgCl 2 on 

S-GPT and S-GOT activity 

of silver carp 


Concentration 

Equivalent 
to 96 hr 

LG 50 

S-GPT 
activity 
(m/100 ml) 

S-GPT 
relative 
activity % 

S-GOT 
activity 
(m/100 ml) 

S-GOT 
relative 
activity % 

HgCl 2 

0 12 

0 5 

103 ±42 

88 8 

435±86 

151 

TNT 

0 56 


60±42 

51 2 

495±85 

171 

BHC 

0 29 

0 5 

68±50 

58 1 

403 ±96 

140 

DDT 

0 004 

0 5 

218 ±223 

187 

439 ±69 

152 

Parathion 

0 84 

0 5 

258 ±80 

223 

533±156 

185 

Control 

0 

0 5 

116±91 

100 

288±64 

100 

S=GPT activity or S=GOT activity — 

average value ± standard error 




by Tradescantia paludosa (#03) micronuclei test Tradescantia meiotic pollen mother cell chro¬ 
mosomes were found damaged from the waste water of five rivers Chromosome breakage was 
induced The chromosome segments became micronuclei in the tetrad stage. Frequency of 
micronuclei could be used as pollution index in tetrad stage Loushan River, Licun River and 
Haibo River were heavily polluted, whereas the degree of pollution m Banqiaofang River and 
Wantou River was less. The results processed statistically for the biomdicators were m good 
agreement with the results of chemical analysis of various pollutants determined by chemical 
method (Dun Wanru et al 1982) Chen Dengom et al (1982, 1983) observed that electroplating 
effluent, containing toxic heavy metal ions such as chromiom and zinc, induced the highest fre¬ 
quency of micronuclei in tetrad stage of pollen mother cell chromosomes of Tradescantia Dai 
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Quanyu (1982) determined heavy metals in macrophytes of Taihu Lake m 1980-81 with the 
purpose of assessing the lacustrine quality of the lake and came to the conclusions: (i) the 
heavy metals in macrophytes of polluted area were higher than those of the non-polluted area; 
and (ii) the concentration of heavy metals in macrophytes at the mouth of the nver was higher 
than in any other lacustrine areas. 

Macrophytes having been determined as indicator for monitoring heavy metals in the lake 
could prove Taihu Lake to be of good water quality with only 1 % of its area polluted 

Reish et al. (1983) summarised the data from survial of the two populations of Capitella 
capitate to chromium and cadmium, respectively. The calculated 96hr—LC 50 to chromium 
was 0.063mg/l and 1 7mg/l; and to cadmium was 1.0mg/l and 0.6mg/l for the Qingdao and 
Long Beach populations, respectively. Analyses of these data indicated that while the difference 
in results with these two experiments was statistically significant for chromium it was not so 
for cadmium. Area suberenata had a high capacity of biological concentration of cadmium with 
the bioconcentration factor 1.3 x 10 8 —3.2 x 10 s . The change in mercury content in the soft 
tissue of Area suberenata is directly proportional to variation m its concentration m the environ¬ 
ment. This has practical significance m biomonitonng the mercury pollution of ocean (Tan 
Yanxiang et al. 1982). Lai Derong et al. (1984) found that the mercury content m mussel was 
proportional to its variation in sea water at Xiamen Harbour. Cheng Dengqm et al. (1982) 

lUMe 5 Seasonal dynamics of the storing of heavy metals ui the plants during June-August, 1984 


dements 

species 

substrat 

reduction 

exceeding 


Pinus silvestris 

leaves 

4x 


Pb . ’ 

Carpmus betulus 

leaves 

4x 



Chrysopogon gryllus 

leaves, stems 

4x 



Koeleria skurii 

leaves, stems 

weak 



Pinus silvestris 

leaves, bark 

weak 


Cd 

Carpmus betulus 

leaves 

weak 



Chrysopogon gryllus 

leaves, stems 

weak 



Koeleria shurh 

leaves, stems 

weak 



Carpmus betulus 

leaves 

2x 


Cu 

Chrysopogon gryllus 

leaves, stems 


weak 


Koeleria shurii 

leaves, stems 


2,5x 


Chrysopogon gryllus 

leaves, stems 


weak 

Mn 

Koeleria shurii 

leaves, stems 


without change 


Carpmus betulus 

leaves, branches 

3,2x 



Pirns silvestris 

leaves, branches 

weak 


Zn 

Carpmus betulus 

leaves, branches 

weak 



Chrysopogon gryllus 

leaves, stems 

without change 



Koeleria shuru 

leaves, stems 


weak 

Co 

Pinus silvestris 

leaves 

2x 



Carpmus betulus 

leaves 

2x 


Ni 

Pinus silvestris 

bark 

2x 



Carpmus betulus 

bark 

2x 
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found that the samples from four polluted sea areas in the Jiaozhou Bay with Tradescantia 
micronuclei bioassay had a higher frequency of micronuclei than the control sea area. 

A great amount of work on monitoring and assessment of water bodies had also been carried 
out by many research institutes, universities and colleges as well as environmental protection 
institutions. 

Biomonitoring and Assessment of Air Pollutants in China 

While studies on the monitoring of air pollution began in the early 1970s, different authors re¬ 
viewed such topics as the use of plants m monitoring air pollution, the selection of indicator 
organisms for air pollution, and the methodology of utilization of these bio-indicators (Yu 
Shuwen 1983, Wang Jiaxi et al. 1978). Screening tests for plants which were pollution-tolerant, 
plants capable of absorbing toxicant, such as the absoiption of chlonne, sulphur and fluoride, 
as well as the antifluonde capacity of leaves, have been carried out. Many data on pollutant 
concentrations within the plants have been used as indices in biomonitoring (Liu Yugin 1980, 
Qm Huizhen et al. 1981, Li Zhengfang et al. 1981, Pan Ruqui et al. 1981, Tang Shuyu et al. 
1981). Leaf blades of plants around the West Lake were analyzed and the purification rate of 
trees for S0 2 was determined (Jiang Meizhen et al. 1982). Wu Xianping (1981) indicated that 
Canadian poplar could be used as indicator, monitoring fluoride pollution in atmosphere. Tang 
Zhang et al (1980) found that Sesamum orientale was a sensitive biomdicator for both SO s and 
ethylene, while Fagopyrum cymosum could be used as bioindicator for HF pollution (Jiangsu 
Institute of Botany 1978) Deng Ruiwen (1981) found that mercury content in atmosphere was 
directly proportional to the mercury content m the tissues of plant leaves around factories. The 
mercury content in plants was leaves>roots>stems> seeds. WuPancheng (1978) summarised 
the use of bryophytes m air pollution monitoring. 

In “Environmental Biology—Its Past and Future ” and “A Review on Environmental Biology in 
China during the Last Decade ,” Wang Denung reviewed studies on environmental monitoring of 
water and air pollution (1979, 1983). 

Many botanical gardens, universities and colleges, research institutions and some factories 
throughout China have done a great amount of work on the relationship between air pollution 
and plants. 


Prospects 

The objective of environmental protection m China include (i) to work hard for solving pollu¬ 
tion problem basically throughout the nation, (a) to restore the normal cycling of natural eco¬ 
systems, (ui) and to make out clean, beautiful and quiet environment both in city and country, 
so that the environmental situation will be commensurate with the enhanced economic 
development and people’s material and cultural life. 

At present, researches in various fields of environmental biology are being actively carried 
out But, the pace of their development is uneven The following aspects should be emphasi¬ 
zed 

1 Establishment of standard toxicological methods for field investigations and lab tests— 
codification and standardization of bioassay methodology 
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2. Control of the acclerated eutrophication m water bodies and study the mechanism of 
“water bloom” formation as well as effective measures to prevent its formation 

3 Study of the toxicity of pollutants to acquatic organisms with emphasis on the additive 
effects, synergism, and antagonism of mixed pollutants of low concentration under long exposure 

4. Study of the effects of pollutants on physiology, biochemistry, and behaviour indices 
of fish (respiration, “coughing” etc.). 

5. Animal monitoring in the bioassay of air pollution is not yet carried out in China Since 
there are a great variety of animals and they have intimate relationship with environment, they 
can be used for monitoring and assessing atmosphere as a whole, so that an integrated system 
of monitoring may be formed at last 

6. Strengthening simulation tests imitating the natural environment for atmosphere 
monitoring. Lab tests should be coordinated with field observation and measurement Counter 
measures to safeguard atmosphere environmental quality must be established 

7. Ecological modelling of pollution m order to predict and forecast the effects of pollution 
on the stability of ecosystem, on community structure and dynamics, and on material circulation 
and energy flow, thus providing a scientific base for establishing programming and regionalization 
of the environment 

8. Strengthening of basic biological researches on the mechanism of toxicants to organisms 
and on carcinogenesis, teratogenesis and mutagenesis induced by environmental factors 
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Use of Rotifers and Cladocerans as Potential Bioindicators of 
Indian Freshwater Ecosystems 

R GEORGE MICHAEL 
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In any freshwater system, the zooplankton organisms form an important group, as most of them 
eat and incorporate the primary producers, viz., the algae into their bodies and make themselves 
available to be eaten by higher organisms in the food chain, including the fish Among these 
zooplankters, the rotifers and the crustaceans, like the cladocera and copepods, have been used 
mostly as indicators of trophic conditions 

Rotifers were first used as indicators by Kolkwitz and Marsson (1902,1909). Recently, 
Slarifirtik (1983) has published a detailed account of rotifers as indicators of water quality. 
It deals with various methods and indices used for such purposes 

From a biological point of view, the water quality is affected by various features. These are 
termed* Saprobity (=the amount of decomposable/putrescible organic matter acted upon by 
microorganism). Toxicity (due to toxic chemicals or substances); Radioactivity (effect of 
radionuclide with less effect on plants and microinvertebrates, but with strong effect on man) 
and Eutrophication (enrichment due to mineral nutrients, causing blooms, vegetation colouring, 
odours affecting water supply, recreation, etc.) 

Rotifers have been found to be useful indicators of saprobity (defined as hmnosaprobity as 
these organisms mostly live in aerobic environments). The saprobity or organic pollution 
manifests in BOD s , dissolved oxygen content and specific communities of indicator organisms 
Using these different environmental parameters elaborate classificatory systems have been 
developed and these are expressed as saprobic index, saprobic valence, degrees of saprobily like 
polysaprobic, a,b mesosaprobic and oligosaprobic to denote different degrees of saprobity. 
Depending upon their occurrence in the water bodies, the rotifers are termed as ohgo-meso-or 
polysaprobic. Thus, most of the current information on zooplanktons as indicators of trophic 
conditions is based primarily on distributional data of a given species Often, these indicators are 
based simply on presence or absence of a species in a given system. These induces developed m 
one part of the world are not directly applicable elsewhere. Even within the European continent 
the same species occurring in different countries show different environmental indication (Pejler, 
1981). The fact is that the distributional data of a species heavily depend on precise taxonomic 
information. Unfortunately, the taxonomic problems of these zooplanktonic groups are not yet 
clearly resolved within several genera and species What is emerging recently is that among the 
cladocera and rotifers, there are m fact species groups, and as such some of these ‘species’ will 
ultimately be divided into smaller units Viewed in this context, what we find as differences m 
biomdication of the same species is actually a taxonomic difference It is likely that at times, even 
conspecific populations from different geographical regions may have genetic differences 
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On the Indian scene, the author has resolved at least the alpha taxonomy of some of these 
groups (Sharma & Michael 1980, Michael & Sharma 1984). So far, about 250 species of rotifers 
and about 95 species of Cladocera have been listed. Strangely, a large proportion of these species 
are cosmopolitan m nature with very few endemics. Recent thinking by leading experts like Frey 
(1982) and Dumont (1983) is against the idea of cosmopolitanism. Nevertheless, with the 
available information for our country, a modest beginning on monitoring of freshwater bodies 
can be made. 

In this regard the following suggestions can be made: 

(i) So far, environmental indication is mostly based on superficial correlation of presence or 
absence of a species in a given habitat, while the causal mechanisms underlying are never 
probed. For example, the occurrence of a species in a given environment has to be 
interpreted in terms of ecological/physiological requirements, i.e. its food, predators, 
parasites and competitors Such data will be of value for the monitoring studies. This 
is essential to establish a relationship of these organisms to water quality. 

(ii) Instead of using simple presence/absence criterion of individual species as indicators, 
community composition or groups of species, their actual and relative abundances could 
be estimated in biomonitoring of aquatic systems. 

(iu) m recent times, the study of eutrophication rate processes is emphasized so that we can 
then determine when natural processes/rates are being accelerated by man’s activities 
This information is very critical for wise management of aquatic systems. Indicator 
species may be used for the assessment of trophic state and also to reflect changes in 
the water-quality. 

(iv) A centralised reference collections of planktonic samples may be made for monitoring 
long-term changes m aquatic habitats. 

(v) Paleohmnology, which is a relatively young branch of study, provides a glimpse of the 
past history of the basm, and also helps in estimating the rate of eutrophication and 
other associated changes in water body. 

(vi) A national network of biomonitoring system should be developed to maintain uniformity 
of procedures in the collection of data with the help of computerised techniques. 
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Introduction 

There is no doubt that the present age relies heavily, perhaps too heavily, on fossil hydrocarbons 
resources. Thar use as fuel and as a feedstock for the world’s chemical industries, coupled with 
the fact that workable deposits are found only in a relatively small number of localities, entails 
that crudes and refined products are transported in great quantities across the seas in tankers and 
overland by road, railway and pipeline Inevitably, there is some loss of both crude and refined 
oils. However much care is taken, human error and chance events will ensure that, so long as the 
world relies on oil, there will be an oil pollution problem. Moreover, from the biological point of 
view, it must be recognised that as well as fossil oils, a large quantity of hydrocarbons, synthesised 
by natural processes are continually released into the environment. Indeed in the seas alone, it is 
estimated that roughly the same quantity is formed annually by these processes as is discharged by 
human activity (for references see Floodgate 1984) Distinguishing between the two sources is 
possible, but requires sophisticated analysis To these two categories a third must now be added, 
though it is much the smallest of the three Several authors have reported “bioconversions” or 
“neosynthesis” of hydrocarbons apparently arising from the interaction of micro-organisms with 
oil Horowitz and his colleagues (1975) observed neosynthesis of long chain paraffin compounds 
by marine strains of bactena growing on a crude oil fraction which had earlier been depleted of 
alkanes by other bactena A similar high molecular weight waxlike material was found by Walker 
and Colwell (1976) dunng degradation of Altamont crude More recently, Oudot and his co¬ 
workers (1981) confirmed these findings m sediments polluted by oil from the Amoco Cadiz 
accident, while Gassmann (1982) has shown the formation of iso and anteiso alkanes from 
hydrocarbons m the North sea Such natural additions must of course be borne in mind when 
considenn micro-organisms as indicators of hydrocarbon pollution 

Since hydrocarbons can be readily extracted by solvents and thus concentrated, the amount 
of oil in the environment can be accurately measured by chemical analysis using U V or I R 
spectrophotometry or GLC even when the loading is light Bioindicators are therefore of limited 
use in deciding whether a part of the environment is contaminated or not Their value lies in that 
firstly they represent an integrated response over a period of time, compared with the instan¬ 
taneous value of chemical analysis and secondly, it may eventually be possible to use indicator 
changes to forecast the way in which the biology of an affected area may develop following oil 
deposition Biological events in aquatic systems at any rate are both deterministic and stochastic 
in nature, that is they are governed by both preordained biochemical, chemical and physical path¬ 
ways, and also by chance, as for example whether or not a particular species is present in the 
environment at the appropriate time It is important to remember that bacterioplankton, phyto¬ 
plankton and zooplankton are all “patchy” in their distribution (Kassab et al in press) so that 
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there is a chance element in the encounter of spilt oil and a given microbial species or community. 
Any model therefore to predict future events must take both kinds of determinant into account. 
Again it is not only the immediate effect of oil on micro-organisms that can be used as an indicator. 
The effect may be indirect. For example, it was found that low concentrations of oil and other 
pollutants, while insufficient to kill Red Sea coral, stimulated the production of excessive mucous. 
This led to bacterial multiplication and severe oxygen depletion (Mitchell 1974). The kind of 
microbial response used for indicating contamination may also vary. Differences were found 
between the colonisation pattern of micro-organisms on nvenne rocks coated with oil, and the 
response of established communities (Lock et al. 1981 a and b). In view of these uncertainties, it 
is interesting to note that Dussart (1982) studying several English rivers was able to devise a 
robust methodology for water quality estimation using only very crude microbiological categories 
and ranking rather than counting techniques, which nevertheless proved very effective. 

An attempt is made here to evaluate the use of broad groupings of micro-organisms as 
indicators of oil pollution, with special reference to the oceans. 

Filamentous Fungi, Yeasts and Actmomycetes 

Fungi and yeasts form a comparatively minor components of the marine microflora, but are of 
major importance m the soil, salt marsh and dunes. Davis and Westlake (1979) found a high per¬ 
centage of soil fungi able to grow on oil, while Bosset and Bartha (1984) list 31 oil degrading soil 
genera and comment that the generic list for soil is very similar to that for the marine environment 
Because of their comparative scarcity, it is unlikely that fungi are major oil decomposers in the 
sea, but the part they play in the removal of oil in soils, particularly relative to the bacteria remains 
uncertain (Bosset and Bartha 1984), though it is interesting to note that the presence of fungi 
enhanced bacterial degradation of a mixture of hydrocarbons (Walker et al. 1975a, Davies & 
Westlake 1979). Llanos and Kjoller (1976) reported a loss of species diversity in soils following 
waste oil application, but Pinot et al. (1979) in contrast, found virtually no change in diversity. 
There was a selective enrichment for Scolecobasidium and Morteralla spp and to a less extent 
Humicola and Vericillum spp There was a significant increase m hydrocarbonoclastic ability of 
22% of the strains from 60% 

Similarly, freshwater and lake sediments support many species both yeasts and filamentous 
fungi (Niemi et al 1982) many of which are able to use oil as a carbon source Berner et al. (1975) 
isolated a number of hydrocarbon utilising yeasts from polluted estuaries and freshwater The 
microflora of an acidic arctic oil seep was reported by Atlas and Schofield (1975) to consist pre¬ 
dominately of fungi presumably because the low pH suppressed the bacteria. Lake sediments 
have also been shown to contain fungal oil degraders (Coney & Summers 197 6) but the pro¬ 
portion of the population which degraded oil was much lower than the corresponding bacterial 
component 

The marine environment also supports a fungal population, some species of which can grow 
on oil (for early references see Floodgate 1984) Recently Fedorak and his colleagues (1984) 
examined marine water and sediment samples taken from the Strait of Juan de Fuca and northern 
Puget Sound isolating some 74 yeast and 224 filamentous fungi strains When these isolates were 
challenged with Prudhoe Bay crude oil, 3 of the yeasts and 63 of the fungi degraded alkanes, but 
none degraded pnstane and phytane. Ability to degrade alkanes was common among the Peni- 
cilhum spp but naphthalene and phenanthrene degrading ability was rare However, field data 
indicate that the contribution of fungi to oil breakdown is small For example, Crow and his 
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coworkers (1975 a and b) examined the yeasts in the upper water of Barataria Bay and along the 
Honda coast, and concluded that these organisms contnbuted little to oil removal This con¬ 
clusion was reinforced by Le Petit et al. (1970) for the Mediterranean area There are some accounts 
of rftnngfts m the species composition following oil spillage in salt marsh When oil was added to 
Louisiana salt marsh some changes in the make up of the yeast population were shown by Aheam 
and Meyers (1972) and Meyers et al (1973), although Walker and his coworkers (1974) did not 
find any significant effect on the yeasts and fungi in similar sediments in Chesapeake Bay. This 
latter view was confirmed by Kator and Herwig (1977) for the salt marshes of south eastern 
Vi rginia A comparison of the North Sea yeast flora before and after the commencement of oil 
production showed that Debaryomyces hcmsenii was the dominant species on both occasions. 
After production started Candida quilliermondii a hydrocarbonoclastic yeast was more commonly 
isolated while the frequency of isolation of Aureobasidium pullulans decreased (Aheam & Crow 
1980). 

Although Actinomycetes are a major component of the flora of rich soils, they do not affect 
oil loss to any great extent (Jensen 1975), though they may well remove metabolites formed by 
other oil degrading organisms Their role in oil removal from the sea is likewise very small, though 
they are possibly more important in dunes and beaches (Floodgate 1984). 

From the above, it is clear that changes in the fungal population cannot on present knowledge 
be used as bioindicators to predict changes following oil pollution Cooney (1984) points out that 
it is rare to find a microbiological study that attempts to quantify changes m biomass and activity 
in the fungal flora of the environment, so that the problem may well be a lack of reliable 
information rather than an inherent property of the fungi themselves 

Algae 

Most of the work on the interaction of oil with algae has been concerned with marine species. 
The problem is complicated by the fact that algae are known hydrocarbon synthesisers (Oro & 
Noomer 1966, Brown & Knight 1969, Blumer et al 1971, Lee & Loeblich 1971). As a very 
broad generalisation, it can be stated that low concentration of oils, particularly crudes, increase 
phytoplankton activity while high loadings are toxic and cause inhibition Processed oils and high 
concentration of individual hydrocarbons are often toxic In an early paper Gordon and Prouse 
(1973) studied the action of Venezuelan crude. No 2 and No 6 fuel oils on photosynthesis moni¬ 
tored by radio labelled carbon No 2 fuel oil was the most toxic, but the degree of toxicity depen¬ 
ded upon the concentration The crude was stimulatory at low concentration Puhch et al. (1974) 
also found that No. 2 fuel oil stopped photosynthesis m blue green algae, diatoms and dmoflagel- 
lates. The soluble fraction of Kuwait or Southern Louisiana crudes were not toxic In further 
experiments (Prouse et al 1976) umalgal cultures were challenged with Venezuelan or Kuwait 
crudes or No. 2 fuel at low concentrations Minor stimulation or inhibition was apparent except 
for two cases which were clearly stimulatory Other workers (Dunstan et al 1975) studied the 
effect of pure low molecular weight hydrocarbons on cultures of marine microalgae. They found 
that Dwuella tertiolecta was stimulated by benzene, toluene and xylene in the /*g l -1 range, but 
Skeletonema costatum showed no growth enhancement Cncosphaera carterae and Amphidium 
carterae were intermediate m their reaction. Naphthalene was found to be toxic to the green 
flagellate Chlamydomonas angulosa (Soto et al 1975 a and b) 

Field studies at Port Vadez confirmed the stimulation of phytoplankton at low concentrations 
of oil (Shields et al 1973). Similarly, Parsons and his colleagues (1976) investigating the effect of 



Micro-organisms as Indicators 87 


mineral hydrocarbons m the ppb range found an increase in photosynthesis among nannoplankton 
including the microflagellates. More recently, Karydis (1979) studied the short term effects of 
hydrocarbons on photosynthesis, respiration and the distribution of end products in Cyclotella 
cryptica, Pavlova luthen and Skeletonema costatum. Again stimulation of photosynthesis was 
observed at low concentrations while higher values caused inhibition. The effects were less pro¬ 
nounced on respiration while the pattern of distribution of end products indicated an increase m 
polysaccharides and proteins, and a decrease m the biosynthesis of metabolic products and lipids. 
Fabregas et al (1984) also noted a stimulation of the growth of Tetrasebnis sueica which ceased at 
a concentration above 200 pp. Mahoney and Haskin (1980), studying the effects of Nigerian 
crude and No. 2 fuel oil on five species of algae which are food for oysters and therefore of eco¬ 
nomic concern, also found that the sensitivity varied between species and oil concentration. 

However a number of workers have noted that the response of phytoplankton to oil is related 
to environmental factors As already mentioned, among these is the type of oil, crudes tending to 
be less toxic than refined products. Seasonal variation in stimulation or toxicity has been noted 
(Shields et al. 1973) with some possible changes m species composition. A comparison between 
clean and heavily oiled localities off the coast of Greece again showed significant differences in 
the algal species diversity (Ignatiades & Minicos 1977). The species composition between the 
two sites were similar indicating variable response between species. Bott and Rogenmuser (1978) 
used algal communities adhering to slides as the test community and found changes in the domi¬ 
nant species in long term experiments. No. 2 fuel oil was the most toxic. Light intensity and tem¬ 
perature are also significant variables (Shields et al 1973, Hasiao 1978). 

From the bioindicators point of view, the algae merit further investigation. Since they are the 
base of many food chains, and some herbivores are selective in their feeding a change in the 
species composition or the biomass of the nucroflora could induce major changes in the biology 
of the locality. Early warning of these changes could be predictable by monitoring the algae. 

Bacteria 

Procaryotes are the most important oxidisers of hydrocarbons in both soils and aquatic systems 
The mechanisms by which the many components of both crude and processed oils are degraded 
have recently been reviewed (Singer & Fmnerty 1984, Perry 1984, Cemigha 1984, Vestal 1984). 
Some hydrocarbons, especially the low molecular weight volatile “light ends”, and some aroma¬ 
tics are toxic to some bacteria In some cases this may be due to their interference with the lipids 
of the cytochrome membrane Cobet and Guard (1973) studied the toxicity of decane, hexadecane, 
pnstane, bicydohexyl, 2,3,6 tnmethylnaphthalene, anthracene and the pentane soluble fraction 
of bunker fuel oil on 221 isolates from an oil contaminated beach Decane was lethal at 0 2 % 
concentration to 10% of the organisms, bicyclohexyl to 6%, pnstane to 4%, hexadecane to 3% 
anthracene to 2 % and the pentane extract to 1 % The most affected genera were Morexella, Vibrio 
and Pseudomonas, all of which contain good oil degrading species. 

The marine species Serratia mannorubra and Vibrio parahaemolyticus gave lower maximum 
cell density and growth rates when tested against a series of aromatic hydrocarbons in batch 
culture (Calder & Lader 1976) The magnitude of the decrement was an inverse function of the 
hydrocarbon solubility Some partial oxidation products were more toxic than the parent 
substrate Serratia marinorubra was also studied by Griffin and Calder (1977) using the water 
soluble fraction of three crude and two refined oils The water soluble fraction was again more 
toxic than the parent oil Toxicity was also affected by the concentration of yeast extract m the 



88 G D Gloodgate 


mwiiimi The toxicity of naphthalene and biphenyl to cultures isolated from estuarine surface 
sft folra was investigated by Aheam and his coworkers (1977) About one third of the cultures 
were inhibited when tested in 2216 marine broth. Oddly the amyolytic and hydrocarbonoclastic 
strains were more sensitive than the lipolytic, and generally naphthalene was less toxic than 
biphenyl. However, while these laboratory experiments demonstrate hydrocarbon toxicity, it is 
not easy to estimate the importance of this in the environment because of the absence of field 
Aaia j n open water systems there will be a strong tendency for the light ends to evaporate away 
and so be removed, but in soils and sediments the sinking of the oil into the substrata will prevent 
this. Clearly the toxicity at any particular time will also depend on the loading as well as the 
chemical nature of the oil 

A frequently observed result of oil spillage is an enrichment of hydrocarbonoclastic bacteira. 
Although it is rare to find any natural environment with no hydrocarbonoclastic bacteria at all, 
usually the oil degraders account for less than 10 %, and often vexy much less, of the total procar* 
yote population. Dosing with oil greatly increases the number of oil degraders (Crow et al. 1975, 
Hughes & McKenzie 1975, Jamison etaL 1975, Cooney & Summers 1976, Ward & Brock 
1976, Horowitz & Atlas 1977, 1978, Zajic & Dauglis 1975) As a result, Crow and his colleagues 
(1975) suggested that a proportion of the hydrocarbon degraders to the total heterotrophic popu¬ 
lation greater than 10% should be used as an indication of low level chronic pollution Similarly, 
Walker and Colwell (1976b) used C M hydrocarbons for estimating degradation potential, and 
suggested that it should be expressed as the ratio of degraders to the total population Horowitz 
and Atlas (1976) also found that this ratio is a useful indicator of oil contamination m Arctic 
ponds. Roubal et al (1979) also associated high ratio values with river pollution. Greater numbers 
of hydrocarbonoclastic bacteria, yeasts and fungi were found in a polluted lake m Ohio as com¬ 
pared to pristine ones (Cooney & Summers 1976), while Wyndham and Costerton (1981a and 
b) have demonstrated that river water flowing over natural deposits of oily sand were populated 
by organisms adapted for oil breakdown 

The distribution of hydrocarbons measured chemically was found to be closely related to 
the distribution of hydrocarbonoclastic bacteria in the North Sea (Oppenheimer et al. 1977). 
In fact, because the temporal integration effect shown by biological phenomena, the hydro¬ 
carbonoclastic bacteria distribution showed a closer relationship to oil industry activity than did 
the chemical analyses. North Sea oilfields were also investigated by Saltzmann (1982) who 
monitored hydrocarbon degradation potential using C M naphthalene and C M benzopyrene The 
rate of uptake of naphthalene was found to increase with decreasing distance with a max im um 
at 0 8Km from the centre of oil activity No significant results were obtained with the benzpy¬ 
rene A somewhat similar examination in the region of an active, well established oil field m the 
northwest part of the Gulf of Mexico was reported by Holloway and his coworkers (1980) Their 
data over a fairly long sampling period revealed no significant differences m taxonomic or physio¬ 
logical make up of the bacterial population in the oil field, compared with the controls, away from 
the platforms Oil degraders and sulphur oxidisers were more numerous close to the wells than 
at a distance There was a marked increase in the proportion of oil degrading bacteria within the 
oil field as compared with control areas although both within and without the field, the proportion 
of oil degraders remained low Unfortunately no chemical data were taken at the same time so 
that it is impossible to know if the results were due to a clean field 

It would appear therefore that the enrichment of oil degraders, both in numbers and relative 
to other bacteria, is an important bioindicator of oil pollution. However, as yet there are no 
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sufficient chemical and bacteriological data taken from the same area at the same time to allow a 
quantitative as compared with the solely qualitative relationship to be made It should be noted 
however, that the relationship may be complex When Hood and his coworkers (1975) moni¬ 
tored pristine and oil contaminated marsh sediment, they did not find a good correlation between 
the numbers of hydrocarbonoclastic bacteria and fungi and the concentration of hydrocarbons 
found chemically. A better correlation was found between the hydrocarbonoclastic count, total 
heterotrophic count ratio and hydrocarbon levels. This suggests that statistical models other 
than product moment correlations should be investigated. 

Changes m the enzymes, which are involved in hydrocarbon oxidation are not the only 
physiological response made by oil degrading bacteria. Samples of water and sediment from 
Rhode nver, Maryland, were incubated for several weeks with South Louisiana crude and No. 2 
fuel oil. Besides the enrichment effect, the proportion of the total heterotrophic community which 
metabolised protein, lipids, chitin and cellulose decreased in the oil flasks though the number of 
each physiological type increased (Walker et al. 1975). When Crow and his associates (1975b) 
added oil to marsh soil near Airplane lake, Louisiana, they recorded the expected increase in 
numbers of hydrocarbon metabolising bacteria and noted that proteolytic bacteria increased a 
little but cellulolytic strains decreased. Other groups of workers have been concerned with the 
effect of oil on glucose and glutamate metabolism. For example, Alexander and Schwartz (1980) 
concluded that mineralisation of glucose by water and sediment samples from the Gulf of Mexico 
was not affected by Kuwait crude oil. In contrast, Griffiths et al. (1981a and b) found a marked 
drop ranging from 37% to 58% in. glucose uptake by bacteria in the Arctic water column. The 
corresponding range of decrease in sediment samples was 14% to 36%. Glutamate metabolism 
was also deletenously affected. Both vmax and turnover time significantly changed, so that 
metabolic inhibition was considered to be the main cause of the variation. Hodson et al. (1977) 
also found that glucose assimilation by the population passing through a 1/un filter from water 
samples collected in Saanich Inlet, British Columbia was reduced, the degree of inhibition being 
dependent upon the oil type and concentration. South Louisiana and Kuwait crudes were less 
toxic than No 2 and Bunker C fuel oils though a slight stimulation of activity was noted at very 
low concentrations of Bunker C. Other physiological changes were demonstrated in a culture of 
an Aeromonas species isolated from marine mud and known to be a vigorous oil degrader by 
Ajisebutu (unpublished) She found that antibiotic sensitivity and various biochemical tests used 
in taxonomic studies were changed after growth in Nigerian, Kuwait and other crude oils. The 
original physiological state was regained only after passage through nutrient broth for several 
generations Changes in physiological response to substrates other than hydrocarbons may have 
some potential as a bioindicator, but as yet very little data are available, particularly from field 
observations 

A further possibility as a biomdicator concerns the distribution of plasmids Burton et al 
(1982) isolated and taxonomically characterised 400 aerobic heterotrophs from the sediments 
of unpolluted and polluted sites of a fast flowing South Wales river They also screened the isolates 
for the presence of plasmid DNA No significant differences were found in the percentage of total 
isolates containing plasmids or the percentage of nonpseudomonad strains containing plasmids 
between polluted and nonpolluted sites However, there were significantly more Pseudomonad 
species containing plasmids from the polluted than the unpolluted areas. Devereux and Sizemore 
(1981) examined the plasmid carrying oil degrading strains from water and sediment samples 
collected from a suspected low level chronic petroleum pollution environment around Galvaston 
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Maud, Texas. Again Pseudomonas species were predominant Other work indicates that Vibrio 
species may also be involved When 400 presumptive Vibrio strains from an oil field m northwes¬ 
tern Gulf of Mexico were analysed for extrachromosomal DNA (Hada& Sizemore 1981), it was 
shown that the oil field area had notably more plasmid containing strains and a greater number 
of plasmids per plasmid containing strain than the control It can be concluded therefore that 
plasmid frequency m certain genera may be a useful biomdicator of the presence of oil. 

Conclusions 

The use of micro-organisms is a new development in bioindicators Nevertheless, there is good 
reason to believe that micro-organisms can be used as bioindicators of oil spillage It is also impor¬ 
tant to bear m mind that the response of micro-organisms to environmental oil is very variable 
and depends on many environmental and biological factors, so that at this stage, it is not possible 
to pick out any phenomenon which will be universally applicable The indicators are likely to be 
site specific to a greater or lesser degree. 

As already stated, the use of bacteria or algae simply to monitor oil pollution is less effective 
than a chemical approach The aim should be to provide early warning of deleterious changes 
in the environment Since micro-algae are the major primary producers m all aquatic systems 
their role as indicators merits further investigation They can be easily identified so that changes 
in species composition and diversity are readily monitored. Bacteria, m contrast are difficult to 
identify but respond rapidly to environmental change. Indeed they may well be too sensitive in 
that small non-oil perturbation may cause large effects. In addition, they may be involved m 
complex biochemical processes such as co-metabolism (Cooney & Shiaris 1981) or influenced by 
other micro-organisms such as bacteria exudates (Gusev et al. 1982) or the presence of other 
pollutants such as mercury (Walker & Colwell 1976) or pesticides (Ahearn et al. 1977). Certain 
physiological characteristics which may change when bacteria are in contact with petroleum may 
eventually be of predictive value as may plasmid frequency 

It remains to be seen whether the model that eventually is adopted will be mathematical, 
taking many factors into account quantitatively, or whether a simple system, perhaps combined 
with data from protozoology and zooplankton will be most effective 
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Earthworms as Bioindicators of Soil Radioactive Pollution 

D KRIVOLUTZKY 

Institute of Evolutionary Animal Morphology and Ecology, 

USSR Academy of Sciences, Moscow, USSR 


The use of various animals and plants as biomdicators has acquired much importance recently. 
Earthworms constitute the most significant invertebrate group (about 50% of the animal mass) 
in the middle USSR—their number may reach to several hundreds/m*. Their importance also 
lies in their high sensitivity to soil radioactive pollution. In fact, in Lumbricus terrestris, LD 50/30 
was estimated as 67.8 krad of gamma-irradiation (Reichle et al 1972); similar values were also 
reported by Edwards (1969) In the enchytraeids and oribatids investigated by us, LD 60/g0 was 
found higher than 100 krad, in collembols 125.6 krad (Styron 1973), in black wireworms 60-100 
krad (Krivolutzky & Filippova 1979), while soil protozoa—nematodes, rotifers, tratigrades— 
survive at considerably higher irradiation doses. 

Earthworms, as they also feed large quantities of mineral soil particles, are irradiated 
both from the surrounding radiation-polluted soil as also through the intestinal contents 
(Krivolutzky et al. 1978). 

Soil sampling for invertebrate population, including earthworms, involved the standard 
technique as proposed by Ghilarov (1971) Soil samples (0 25m*) were taken at depths below 
30-40 cm and hand-lifted. 20-32 samples from each plot (5-8m*) were taken; the figures represent 
only statistically significant indices 

In May 1974, an experimental plot of birch forest on grey forest soil was irradiated with a dose 
of 2.6 krad± 30% employing a mobile powerful gamma unit with 32000 Ku 1S7 Cs (Karaban 
et al. 1977) Mesofauna counts m September, i e 4 months after irradiation, revealed that the 
number of earthworms declined from 66 (control) to 13 individuals/m 2 (irradiated plot), i e 
there occurred a five-fold decrease. Earthworms have proved to be the most radiosensitive group 
of soil mesofauna with statistically significant differences Experiments were also performed 
with grey forest soil, polluted with products of uranium fission, primarily with 90 Sr (Krivolutzky 
& Turchaninova 1969, Ghilarov & Krivolutzky 1971, Turchaninova & Tikhomirov 1973). 

Mean data for seven years of field observations show that among permanent soil-dwelling 
invertebrates, earthworms are one of the most radioactive-pollution-sensitive groups Apparently, 
lithobiids and geophyhds, which are also sensitive to radioactive pollution, vary in number 
due to decline m the number of earthworms and Enchyticidae, which they consume, in the affected 
area but not directly through the action of radiation. How stable are the changes m soil inverte¬ 
brate complexes, permanent dwellers of soil environment at all stages of life cycle, can be 
judged from their seasonal number dynamics during a field season 

The differences in the structure of soil animal dwellers have been dramatic as per the studies of 
increased natural radiation background In fact, m middle taiga plots on sod-podzolic soils of 
floodland meadows with increased ***Ra concentration, the earthworm population was 
markedly depressed. The plots (1-2 ha), situated at a terrace above floodland with middle taiga 
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vegetation, were studied at an increased level of gamma-radiation (50-4000 mcr/hr) An increased 
radiation background was caused by the water flooding from underground layer with an in¬ 
creased Ra-content (7 1.10- IO -5.6.10~ u g/g of annealed sample), in soils sod-podzolic. For 
comparison, plots similar m soil and vegetation to the experimental ones, were selected with a 
normal background of natural radiation The soil-dwelling mesofauna invertebrates were studied 
by hand- lifting [samples 50 x 50 cm down to the layer where animals occurred (usually 
30-40 cm)]. 

Statistically significant differences (P = 0.99) were obtained for all animals which show low 
mobility and also develop and live in the soil for a long time, that is permanent dwellers of areas 
with increased radiation background. Compared with controls, such plots demonstrated markedly 
lower numbers of earthworms, larvae of Diptera and Elatendae; also, there were significantly 
bigger (less) invertebrates. 

Mobile surface arthropods (staphylinids, carabids, spiders, phalangids) showed no significant 
differences m number. 

Earthworms proved particularly sensitive to increased ***Ra. In fact, in mid-summer, the 
earthworms on plots with lOOmcr/hr irradiation were 7 times lower than those in the control 
and smaller m size There were some noteworthy changes in the reproductive process: in August, 
on the control plot, there were several young individuals, and on the polluted plot, they were 
almost absent Evidently, on a polluted plot, young individuals grew and attained sex maturity 
later compared with those on control plots. In fact, m June when earthworms begin breeding, the 
control population was represented largely by sex-mature individuals but m plots with higher 
pollution levels, more than half of the population failed to achieve sex-matunty. 

With Dendrobaena octaedra and Dendrodrilus rubidus as examples, the histological structure 
of the epithelium of integuments and mid-gut (the tissues which are m immediate contact with 
Ra-polluted soil) was studied m animals from control and Ra-polluted plots with a background of 
about 4000mcr/hr Both the species are the dwellers in the most superficial soil layers. Earthworms 
collected from the Ra-polluted soil show marked changes m the structure of mtegumental epithe¬ 
lium (shape and size of mucous cells) the integumental cells are broader and considerably 
bigger—their number is considerably larger than that in the control with less cambial cells in 
the sections (Knvolutzky et al 1978). 

Further, some changes are noted in the structure of the mid-gut epithelium there are mar¬ 
kedly less enzyme-producing epithelial cells than mucous ones, and the numbers of regenerating 
units and cells m the thickness of epithelium are lesser compared to those m the controls. 

In both the earthworm species dwelling on plots with an increased level of natural radiation 
(about 100-4000 mcr/hr), the epithelium of outer integuments and mid-gut was found to contain a 
significantly larger number of mucous cells and a higher level of mucous excretion, which appears 
to be a protective response to the effect of alfa-radiation 

A comparison of the present data with the data obtained previously for terrestrial vertebrates 
dwellers of the same plots (Maslov & Maslova 1972), showed that the general regularities are 
similar: the greatest irradiation effect was recorded m sedentary groups of animals inhabiting for a 
long time areas with an increased radioactive background, they showed an inhibited development 
and some disturbance in the functioning of the outer and intestinal epithelium As to invertebrates 
of the soil, the effect of increased irradiation can be observed not only on plots with a very high 
radiation level (2000-8000 mcr/hr) but also with a much lower one (100-200 mcr/hr), the reason 
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being that the soil animals have a close contact with Ra-contaminated soil Earthworms are a 
very convenient subject for such studies because of irradiation both on the outside and by the soil 
swallowed. All other terrestrial invertebrates do not swallow soil for food, but plants or other 
animals in which the content of natural radionucleids is much lower than in the soil (by 1-2 
order). 

During the two field seasons, the effect of increased thorium background on soil mesofauna in 
middle taiga and mountain tundra was studied and investigations were performed from mid-July 
to mid-August. Sixty-four samples (50 x 50cm) were taken down at the depth where the animals 
occurred. 

The animals were studied on two middle-taiga plots, similar m relief (hilly, with steepy slopes), 
vegetation (bilbeny spruce forest) and soils (podzolic illuvial-humic and shallow surface glei) but 
differing in thorium content (m the soil). In control plots (radiation background 15-20 mer/hr), 
thonum content was: in the litter 21.10~ s g/g, and on plots with increased thorium content 
(background 30-400 mcr/hr) 5.3.10 -4 and (2-5). 10 -5 g/g, respectively. 

In mountain tundra, soil mesofauna was estimated m two plots similar in relief, vegetation, ‘ 
soils and thorium content. The results of these studies are m agreement with previous inferences* 
on the whole, soil invertebrates are good indicators of radioactive pollution, m the given case, 
of natural increased radiation background, but particularly marked are differences m the numbers 
of those groups of animals which are unable to migrate horizontally on a large scale, being 
permanent dwellers of radioactive soil. 

Plots with increased thonum content where our studies were performed are well described in 
the literature (Maslov 1972). As in the above-described case, earthworms are a group, sensitive 
to change (increase) in the background of ionising radiations. It should be noted that soil animals 
do not accumulate natural radioactive elements or other heavy metals. 

However, in all cases, earthworms are not a universal biomdicator of radioactive pollution as 
they are not abundant everywhere In fact, no marked differences were found m the earthworm 
population in soils, experimentally polluted with 28 ®Pu (Krivolutzky & Fedorova 1973) and m 
plots with grey forest soils of forest-steppe with “"U in an order higher than the background 
level as well as in plots with U-Ra-poIIution. Common of all the plots were initially very low 
numbers of earthworms, and heavy anthropegine disruption of soil invertebrate complexes 
(because of forest fires, etc.). Apparently, under those conditions too, increased radiation 
background was detrimental to earthworms but this impact could have only been detected 
by studying particular animal individuals collected on experimentally polluted plots 

There is a ground to infer that earthworms are convenient biomdicators of any radioactive 
pollution of soil It is especially promising to use them as a bioindicator where their numbers are 
adequately high and soil invertebrate communities are not disrupted by uncontrolled human 
impact Under such conditions, earthworms m close contact with polluted soil begin to respond 
to ionising radiations earlier and to a greater extent than other terrestrial animals. 
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In recent years the processes of environment pollution, as well as the changes entailed by them in 
pollutant-neighbouring ecosystems, have been observed in Bulgaria as in the majority of world 
countries. In spite of constant efforts to stay below the allowable pollutant concentrations, some 
alarming signs in plant vegetation in a number of localities have been telling of a grave structurally 
physiological disruption in plant communities. In some places these changes develop with con¬ 
siderable speed due to the degradation of the soil structures and the ensuing erosion processes. 
Along with the dying of plant vegetaion, the soil, being a biological product, is also becoming dead 
matter. 

Especially alarming is the trend of rising heavy metal concentrations in plants, which from 
them pass further mto the organisms of the animals. The high concentration of Pb in roadside 
trees and grass strips (Bondevetal. 1981) and the atmospheric pollution by SO a have begun to 
pose considerable problems too. 

Systematic researches into the impact of pollution on biological objects, and especially on 
plants, have been carried out for 12 years now m Bulgaria. These researches have become parti¬ 
cularly intensive m recent years prompted by special interest m some plant species able to indicate 
atmospheric, soil or water pollution. The earlier experiments with crops like beans, vetch and 
lentils (Prokopiev 1978) did not establish them as reliable bioindicators. For many years researchers 
have been impressed by an early break (whithering of leaves in July and secondary flowering ie 
S eptember) in vegetation of Aesculus hyppocastanum trees that grow on the central boulevard oi 
Sofia, while trees of the same species m the parks have a normal vegetation cycle. Makedonska and 
Yordanov (1974) have established the relationship of this phenomenon to the high concentratior 
of poisonous gases emitted by the transport vehicles. Doushkova et al. (1978b) obtained similai 
results for some other species. 

During the 1970s, considerable attention was paid to researches on coniferous trees (Picei 
abies, Pinus silvestns, P. nigra) under the impact of SO t . A mere concentration of 0.28 % of this 
gas gravely damaged the ultrastructure of the mesophyll cells, the extent of damage dependec 
directly on the duration of the toxic impact (Uzunova et al 1981a, 1981b, Uzunova 1983) More 
over, a “hidden destruction” which had no outer signs and was macroscopically indiscernible wai 
found in the mesophyll cells of the needles. Such damage was already detected by Stoklasa in a: 
early as 1923. Plant susceptibility to higher concentrations of heavy metals (copper, cadmium), a 
reflected by biological productivity, was studied by Merakchuska-Nikolova and Yordanov (1983) 

Nonova and Doushkova (1977, 1978a, 1978b, 1978c) conducted a series of experiments t< 
find out if there were any structural and functional damages caused to the plants inhabiting indus 
trial regions. 
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They found that under the conditions of industrial pollution, the epidermal and st«matgi 
indicators of the species studied most frequently tended to increase xeromorphically, i.e the dimen¬ 
sions of the principal epidermal cell and of the stomata decreased while their number mrr»ac^j 
In the bush species, no correlation was found between the thickness of the mesophyll dimensions 
of the stomatal apparatus and the degree of damage. In the woody species, the poor resistance to 
gases of the worst-damaged species (Cerais siliquastrum and Platanus orientals) was in direct 
proportion to the well-pronounced mesophyllic trends in their epidermis. The strong resistance to 
gases of Tilia argentea, on the other hand, is ascribed to (;) the trichome isolation incmncmg the 
resistance of the epidermal barrier, and, (it) the ability of the species to strongly increase the xero- 
morphic properties of the qpidermally-stomatographic apparatus under the impact of industry 
pollutants. 

The investigation parameters by the same authors (Doushkova & Ninova, 1977a, 1977b), 
revealed that the amounts of plastidal pigments, proteins and amino acids did not undergo signi¬ 
ficant change in Cercis siliquastrum plants exposed to industrial pollution. Tilia grandifoha was 
found to be sturdiest in water exchange 

Doushkova et al. (1978a) while observing the chlorophyllase activity of Tilia argentea leaves 
at different air pollution levels, noticed disintegration of the initial quantities of chlorophyll. 
Plants subjected to high proportions of SO* and NO* exhibited lower content of chlorophyll 
which was also tightly-bound. 

Using mosses and lichens as indicators, Damyanova and Velikov (1981) were able to recognise 
pollution zones of different levels depending upon their remoteness from the atmospheric pollu¬ 
tants such as Mg, Al and Zn. The disappearance to mosses and lichens was regarded as a reliable 
warning sign of the deteriorating environment. Prompted by these and similar other researches, 
monitoring of the coniferous species was taken up especially the natural populations of Pirns 
silvestris, with focus on the changes m needles The populations of Pmus silvestris and Picea abies 
growing close to the polluted surroundings showed yellowing, premature senescence and abscission 
of their needles 

A particularly successful bioindicator has been discovered in the American species Coryllus 
tubulosa, introduced in Bulgarian parks, and especially m its atropurpurea variety. In the presence 
of SO* in the air, the latter forms some unstable compositions with anthocyanin m the leaves which 
turn green following disintegration of the pigment After the removal of SO*, however, the pigment 
is rapidly restored (Prokopiev 1978) Judging from the colour intensity one could guess the con¬ 
centration levels of SO* in the air This indicator has been successfully tested in a number of 
polluted regions. 

According to the adopted concept of biomdication, put forth by Iserentant and Sloover 
(1976) and Burdin (1982) one can get answers to abrupt and gradual changes in the environment 
at all levels of the organization of all species. 

The question relates to choosing properly the biometers of the tests and this requires thorough 
knowledge about the behaviour of the bioindicator plant in a given condition. It is important to 
know how far a biomdicator plant tolerates the respective polluting agents—This aspect has been 
studied m a few species Another important consideration in the choice of biomdicators is their 
specific ability to indicate the levels of pollutants. An intuitive and very effective solution is to 
look for biomdicators primarily among the lower groups of organisms, e g. of algae and fungi, 
for aquatic environment), lichens and mosses for atmosphere They are highly sensitive to cytologi- 
cal and morphological organization corresponding to the stage of evolution of the respective 
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groups. Without denying the great importance of these groups of bioindicators, historically and 
in a contemporary aspect, there are several instances available of the comparatively rapid adap¬ 
tation of many species, especially of lichens our classical indicators of air purity to the polluted 
surroundings. After 10 to 15 years of absence, the restoration of the lichen and moss colonies on 
the fences and roofs in the neighbourhood of industrial works and centres, and under atmospheric 
not much different from those that caused their disappearance have been noticed. 
Moreover, the data obtained in one of the monitoring stations in the Rhodope mountains have 
shown, that from amongst the various monitors used, lichens exhibited the highest lead concen¬ 
trations (up to 34/mg) (Andreev et al. va unpublished). This has undoubtedly resulted from a long¬ 
time accumulation of tins element from tetraethyl lead going to the thalli 

That is why we regard the choice of bioindicators for the impact monitoring system now 
developed in our country as a way of assessing comprehensively environmental pollution. Besides, 
we are guided too by the idea that a bioindication complex should comprise biometers of different 
sensitivities to the pollution stress as, for instance, a seismic laboratory should have seismographs 
of various sensitivities. This makes possible the sensing pollution stresses of different intensities. 
The bioindicators, may be broadly divided into following three categories- 

(i) Resistant to toxic stress without outward indications, but capable of accumulating 
large quantities of toxic elements in their organs. 

(n) Relatively resistant to toxic stress with strongly manifested outward and inward indica¬ 
tions; capable of accumulating great concentrations of toxic elements in their organs 
(in) Non-resistant to toxic stress, with strongly manifested inward and outward indications, 
although at a longer period of intoxication; dying at small concentrations of toxic matter 

Each of these categories can be divided into subcategories m compliance with the character 
of the inflicted damage, while its constituent species can change place according to their reactions 
to a given pollutant. Table 1 shows some typical examples m this respect. 

These categories should be studied in a specific way, for instance, for chemical analysis, 
the chemical and biological analysis, as well as - only the biological analysis. The latter m parti¬ 
cular comprises the most sensitive biomdicators and requires the longest and most sensitive 
research, in order to find the link between the slightest rise of toxic metals concentration and the 
respective moiphophysiological reaction. 

Proceeding from the above-mentioned statements m our efforts to establish biomonitoring, 
and phytomomtonng m particular, with respect to the higher plants as part of the biomdication 
complex we restrict our studies, on the one hand, to coniferous plants as considerably more sensi¬ 
tive than deciduous and, on the other, mainly to the representatives of Poaceae family as some of 
the most widely spread species, including both eunchors and stenochors. Being genetically a 
considerably young group, Poaceae comprises some highly susceptible species concerning the 
stomatal apparatus and generation cycle characteristics Naturally we have been experimenting, 
too, with species belonging to other taxonomic groups in compliance with the available stock in 
the respective monitoring station. 

These investigations aim to establish possibilities of the different plants to store intoxicants, 
as well as the degree of the tolerance and the character of response Furthermore we try to 
group the species by the degree of their tolerance and reaction (morphological or functional) in 
the three groups of species mentioned above, in order to choose eventual biomomtors according 
to the reaction expected. 
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Table 1 Comparative data of storing of heavy metals m the population of the biomonitors and those of the controls 


elements 

species 

values for monitors: controls 

Pb 

Pinus silvestns 

2x higher 


Chrysopogon gryllus 

similar values 


Koelena shurii 

similar values 


Dactylis glomerata 

6x higher 


Dichantium ischaemum 

similar values 


Cynodon dactylon 

similar values 


Calamagrostis pseudophragmites 

2x higher 

Cd 

Pinus silvestris 

3, 5x higher 


Chrysopogon gryllus 

similar values 


Koelena shurii 

similar values 


Dactylis glomerata 

similar values 


Dichantium ischaemum 

similar values 


Cynodon dactylon 

equal values 


Calamagrostia pseudophragmites 

3x higher 


Pinus silvestris 

27x higher 


Chrysopogon gryllus 

6x higher 


Koelena shorn 

equal values 

Cu 

Dactylis glomerata 

4 x higher 


Dichantium ischaemum 

6x higher 


Cynodon dactylon 

similar values 


Calamagrostis pseudophragmites 

18x higher 


Having in mind that most of the supposed pollutor factories or complexes of factories in 
Bulgaria do not permit possibilities of estimating accumulative effect, a comparatively convenient 
case was chosen In the latter we could find local accumulation on a mountain slope. This slope 
has been polluted locally and periodically and was planted by different species of trees. The 
pollution was mainly by copper and lead. 

Samples of the chosen monitors (table 1) have been taken in preliminary selected sample 
squares neighbouring on the pollutant and at a certain distance from it. They have been collected 
four times during the vegetational seasons The plots have been chosen so as to comprise some 
types of plants with different degrees of xerophyllization Soil samples have been taken from the 
same plots, m order to select by the average sample material for an analysis for heavy metals, in 
compliance with the generally adopted methodical regulations 

The purely dry matter has been determined after drying at a t* = 105° until obtaining dead 
weigjht 

The content of Pb, Kd, Cu, Mg, Co, Zn and Ni has been determined by means of the 370 A 
Perkm Elmer atom-absorbing spectrophotometer, according to the technical rules of work with 
this apparatus 

Soil samples (2 g) have been preprocessed with a mixture of concentrated HC10 4 . HNO* 
acids (3 1), heated in a dry sand bath until dry residue, which is then diluted in 1 M HC1 acid 

The final volume of the solution was 50 ml The vegetative matter (about 2 g) has been subjected 
to dry ashing m a muffle at t° = 450® - 500°C for several hours The solution has been filtered with 
Filtrak 390 (GDR) The final volume of the filter was 50 ml In the preparation of all solutions and 
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standards doubly distilled'water (Ciplenkov et al. 1981) has been used The results are presented 
m mg/kg m tables 2, 3 and 4 

The major results of these investigations have boiled down to 

1. Establishment of the possibility of the plants selected as monitors to accumulate intoxicants 
in concentrations higher than that of the controls and the background controlling stations (Kozu- 
harov, Peev, 1983) Besides, for the different species, the concentration is different. 

Most of the heavy metals exceed the background characteristics 2 to 3 times, with the excep¬ 
tion of Cd which was m lower concentrations than the background control ones. Another lmpor- 
tent fact is the storing Pb mainly in the Bark of Pmus silvestris during the spring tests 110.71 mg/kg, 
or 2 to 5 times higher than the background control tests. 

In general, each of the species accumulating heavy metals has developed specific structures of 
xeromorphisme. This is m agreement with the already referred data concerning the process of 
xeromorphisation The parametres of the latter—diminishing the number of the stomata cells, 
reduction of the number of the nerves of the leaf, thickening the epidermal structures and reduction 
of the vegetational period, give possibilities for using them as biomonitors (table 1). 

Table 2 Showmg the extreme data established for the storing of heavy metals in the plants 


dements values mg/kg 


higher 

substrat month than 

ma ximum 
data for 
monitor 
controls 


Pb 

max. 

110,71 

Pmus silvestris 

bark 

VI 

2,5x 


min 

0,59 

Fagus silvatica 

leaves 

vm 



med. 

15,21 





Cd 

max 

1,07 

Chrysopogon gryllus 

leaves, stems 

vn 

3,5x 


mm 

0,03 

Arrhenatherum elatius 

leaves, stems 

VI 



med 

0,24 





Cu 

max. 

1040,64 

Pmus silvestris 

bark^ ranches 

VI 

? 


mm 

18,80 

Arrhenatherum elatius 

leaves, stems 

VI 



med 

252,93 





Mn 

max 

1856,03 

Fagus silvatica 

leaves 

vm 



min 

24,90 

Arrhenatherum elatius 

leaves, stems 

VI 

? 


med 

260,67 





Zn 

max 

66,72 

Agrostis capillaris 

leaves, stems 

vn 



min 

14,48 

Arrhenatherum elatius 

leaves, stems 

VI 

? 


med 

38,28 






max 

5,74 

Rumex acetosella 

leaves, stems 

VI 


Co 

min 

0,79 

Arrhenatherum elatius 

leaves, stems 

vm 

? 


med 

2,80 





Ni 

max 

21,20 

Lolium perenne 

leaves, stems 

VII 



mm 

2,20 

Carpinus betulus 

leaves 

VIII 

? 


med 

7,46 
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Table 3 Showing the seasonal dynamics of the storing of heavy metals m the plants during June-August, 1964 


dements 

species 

substrat 

reduction 

exceeding 

Pb 

Pittus silvestns 

leaves 

4x 



Carpmus bet ulus 

leaves 

4x 



Chrysopogon gryllus 

leaves, stems 

4x 



Koelerta shwrii 

leaves, stems 

weak 


Cd 

Pinus silvestris 

leaves, bark 

weak 



Carpmus betulus 

leaves 

weak 



Chrysopogon gryllus 

leaves, stems 

weak 



Koelerta shurii 

leaves, stems 

weak 


Cu 

Carpmus betulus 

leaves 

2x 



Chrysopogon gryllus 

leaves, stems 


weak 


Koelerta shunt 

leaves, stems 


2, 5x 

Mn 

Chrysopogon gryllus 

leaves, stems 


weak * 


Koelerta shuru 

leaves, stems 


without change 


Carpmus betulus 

leaves, branches 

3, 2x 


Zn 

Puuts silvestns 

leaves, brandies 

weak 



Carpinus betulus 

leaves, branches 

weak 



Chrysopogon gryllus 

leaves, stems 

without change 



Koelerta shurii 

leaves, stems 


weak 

Co 

Pinus stlvestris 

leaves 

2x 



Carpmus betulus 

leaves 

2x 


Ni 

Pirns silvestris 

bark 

2 x 



Carpmus betulus 

bark 

2x 



2. Under similar conditions of pollution the biomonitors chosen by us have been accumu¬ 
lating in particular the toxicant heavy metals (See table 2, giving the maximum and minimum 
concentrations for the different species) A certain seasonal dependence of the toxication has been 
outlined * m spring it was at its highest and quickest, and m the dry summer and autumn months 
at its lowest This can be explained with the activity of vegetation, on the one hand, and with the 
lack of precipitations, absorbing the toxicants, on the other. 

3 The concentrations of the toxicants are m direct proportion in the soil and in the plant 
species The highest concentration values were m the A, level, dropping vertically, but m a gradual 
way and without sharp demarcations The main toxication takes place between A and B levels, 
where the root system predominantly lies Cereals axe good biomdicators because of the nature of 
their root systems and especially because it spreads in two or three levels. It will be necessary to 
investigate the nature of accumulation and ecological tolerable of the species about which we 
still have scanty data 
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Table 4 Suggested species as momtors and accepted monitors* m the monitoring system m Bulgaria 


group 

species 

intoxicants 

moipholog. var. 

function, var. 

I 

Betula alba 

Univ. 

density of the 

changes in the 


Morns alba 

Umv, 

stomata cells, 

water balacne, 


Quercus rubra 

Univ 

mesophyll. 

diminishing of 


Ginkgo biloba 

Umv. 

parenchyma 

the photosynthetic 


Syrmga vulgaris 

Umv. 


activities, 


Quercus frametto 

Pb 


xeromorphisation 


Cynadon dactybn* 

Cu, Pb, Cd 




Dactyhs glomerata * 

Cu,Pb, Cd 




Phragmtes communis 

Cu, Pb, Cd 




Castanea vesca 

Cu, Pb 




Koeleria shruii* 

Cu 




Chamaecytisus austriacus * 

Umv. 




Corylus avellana 

Pb 



n 

Platanus orientahs 

SO* 

early break of 



Spiraea vanchouttei 

so 2 

vegetation dying 



Aesculus hyppocastamun 

so* 

branches. 



Pirns silvestris* 

Cu, S0 2 

disturbance of 



Corylus tubulosa 

so* 

flowering 



Taraxacum officinale 

Pb, Cu 




Rurnex acetosella 

Pb 




Anthoxanthum ordoratum 

Cu, Pb, Cd 




Ranunculus repens 

Cu, Pb 



m 

Cercis sihquastrum 

SO* 

early break of 



Lemma minor 

SO* 

vegetation, 



Festuca nigrescens * 

Pb 

dying of leaves, 



Cyclamen covan 

Pb, Cd 

disturbance of 



Stettaria nemorum 

SO* 

flowering,weak 



Pancratium mantimum 

SO* 

growth 



Lichenes spec. sel. 

Umv. 




Musa spec. sel. 

Umv. 
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Physiological Responses of Ornamental Plants (Petunia sp., Ixora 
javanica and Cinnamon iners) to SO2 with Special Reference to 
Kuala Lumpur Ambient Air Pollution 

MUHAMAD AWANG and NIK ZAINUN 
Department of Biology, University of Agriculture, Malaysia, Serdang, Malaysia 


Introduction 

Fumigation studies on physiological responses of plants to S0 2 suggest that pollutant 
concentration, exposure tune, plant status and multivariate microclimate during the exposure 
(Black 1982) strongly influence stomatal behaviour and transpiration (Majemik & Mansfield 
1970, Unsworth, Biscoe & Pinckney 1972, Ashenden 1978 and Black & Unsworth 1980), 
respiration (De Komng & Jager 1978, Black & Unsworth 1979, Furukawa et al. 1980, 
Shimazaki & Sugahara 1980) and photosynthesis (Bull & Mansfield 1974, Mudd 1975, Hallgren 
1978, Black & Unsworth 1979 & Heath 1980). These responses are associated with changes 
in plasma membrane permeability (Gudenan & Haut 1970, Puckett et al 1974, Nieboer 
et al. 1976, Yu et al. 1982) inhibition of enzyme activity (Ziegler 1972, 1973, Horsman & 
Wellbum 1976, Wellbum et al. 1976) and other related biochemical processes. An extensive 
review by Mansfield and Freer-Smith (1981) on the effects of urban air pollution on plants 
revealed that a considerable amount of yield depression have been reported by many authors. 
Such studies were mainly conducted in the United Kingdom and Western Europe. 

Studies on Kuala Lumpur ambient air pollution are relatively well documented (Leng 1978, 
Sham 1979, 1980, 1982, Sham et al 1983, Chow & Lim 1983, Muhamad & Nazar 1983 and 
1984) Three major components of gaseous pollutants have also been identified, viz, carbon 
monoxide, nitrogen dioxide and sulphur dioxide. Weekly variations of SO, concentration were 
in the range of 0.05 to 0 38 ppm and varied without any consistent pattern (Muhamad & 
Nazar, 1983) The highest level ever recorded was 0 52 ppm which is considered to be higher 
than those found in the suburb areas of the United Kingdom (Crittenden & Read 1978, 
Garnett 1979 & Muhamad 1979, Fowler & Cape 1982) 

The present study was initiated to evaluate the responses of local ornamental plants to SO a 
pollution found m the ambient air at Kuala Lumpur Although it has been suggested 
(Freer-Smith 1984) that fumigation with SO, has often been unable to reproduce the severity 
of effects which are commonly reported when plants are exposed to unfiltered urban air of 
similar SO, content (Mansfield & Freer-Smith 1981, Garsed & Rutter 1982), such discrepencies 
probably occur due to the presence of pollutants other than SO, 

1 Plant Material: There are common ornamental plants grown in Kuala Lumpur which 
were used m this study, details are provided in table 1. 

2 Fumigation System: The fumigation system used in these experiments was a slight 
modification of Darrall (1982); Horsman and Wellbum (1975) and Ashenden and Mansfield 
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Table 1 Details of the experimental plants and their source 


Plant 

Descriptions 

Source 

Age 

\xora javamca (F Rubiaceae) 

A small shrub 

Horticulture Unit 
Umveisity Pertaman 
Malaysia 

1 year 

Petunia sp (F Solanaceae) 

An annual cultivated herb 

Horticulture Umt 
University Pertanian 
Malaysia 

H months 

Cinnamon iners (F Lauraceae) 

A woody dicotyledon 

Biology Department 
University Pertanian 
Malaysia 

1| years 


(1977) A schematic diagram of the chamber is shown in figure 1. Adequate air movement 
and other microclimatic factors were taken into consideration (Unsworth 1982 & Black 1982). 
Uniform sized seedhngs of the experimental plants were subjected to the mean levels of S0 2 
found in the city ambient air (Muhamad & Nazar 1983,1984, Sham et al. 1983). Concentrations 
of SO, were continuously monitored using Reikin-Keiki portable toxic gas indicator model 
EC-280 

3. Plant Analysis : Rate of transpiration and leaf diffusive resistance of the young and 
fully expanded leaves were measured before and after the fumigation using LI-1600 Steady 
State Porometer The percentage of potassium leakage and total chlorophyll content was 
determined according to Bell and Mudd (1976) and Amon (1949) respectively. At least five 
replicates were used in all experiments and extracts from minimum of four plants from each 
experimental treatment were analysed Data were subjected to Student’s t-test. 

Results and Discussion 

1. Leaf Diffusive Resistance and Transpiration Rate 

Black (1982) pointed out that stomatal responses to pollutants have an important role m 
determining the magnitude of effects of pollutants on plant productivity Stomata may be 
induced either to open or to close in response to S0 2 depending on the species examined; the 
concentration and length of exposure to SO a and the prevailing environmental conditions 
Results of the current studies indicate that the transpiration rate of the test plants increased 
significantly as the leaf-diffusive resistance decreased (figure 2). There was a significant 
correlation between the leaf diffusive resistance and transpiration rate in Petunia sp (r=0 89) 
(figure 3) Similar responses were observed earlier by Majermk and Mansfield (1970) in 
Vaciafaba, Zeamays (Unsworth, Biscoe & Pinckney 1972), Phaseolus vulgaris (Ashenden 1978), 
sunflower, tobacco and raddish (Black & Unsworth 1980) Figure 2 suggests that the rate of 
transpiration was higher in plants exposed for a longer duration keeping the S0 2 concentration 
constant Analysis of variance showed a significant difference in the leaf diffusive resistance of 
the plants exposed to different treatments Differential responses to the pollutant among the 
species might be attributable to different changes in stomatal aperture which is controlled by 
relative humidity (Swam 1923, Aston 1976, Majermk & Mansfield 1970, Black & Unsworth 
1980) and other related environmental factors. Varshney and Garg (1979) proposed that 



108 Muhamad Awartg and Nik Zainm 



Figure 1 A schematic diagram of the fumigation chamber used m this study (not to scale) A, tan, B, air 
pump; C, flow meter; D f cooling system; E, inlet; F, outlet, G, sliding door and H, plant chamber 



SO2 CONCENTRATION (ppm) 

Figure 2 Effects of variation m S0 2 exposure concentration on leaf diffusive resistance and rate of transpi¬ 
ration. • Petunia sp (1 hr exposure), O Petunia sp (2 hr exposure), £ Ixora javaruca (1 hi exposure), 
A I xor( * javaruca (2 hr exposure), I Cinnamon mers (1 hr exposure), and UCimtamon triers (2 hr exposure) 
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Figure 3 The correlation between leaf diffusive resistance and the transpiration rate in Petunia sp 


maximum damage to plants occurs when stomata are open. This phenomenon was observed m 
Petunia sp. whereby its injury was significantly correlated with the difference m transpiration 
rate Black and Black (1979) reported that the enhanced opening response induced by low 
concentrations of SO* was associated with extensive destruction of adjacent epidermal cells 
whereas guard cell survival was not reduced significantly No visible injury was observed m 
Ixora javamca and Cinnamon iners, although the percentage reduction in leaf diffusive resistance 
was more as compared to Petunia sp, leading to a higher increase m transpiration rate. Visible 
injury could not be explained solely on the basis of stomatal response alone. 

2. Effects of SO i on Potassium Leakage 

Results on potassium leakage reveal that percentage of K + leakage increased with the increase 
of S0 8 concentration and exposure time (table 2) Similar results were observed in lichen 
(Puckett etal 1973 & Nieboer et al 1976) 

Cinnamon iners had the lowest potassium leakage compared to Petunia sp and Ixora javanica, 
suggesting that a limited number of transport sites were affected by SO,. An increase in ion leakage 
is associated with reduction m membrane permeability (Yu et al 1982) Alteration in membrane 
permeability may be caused by changes induced in the structural proteins of the cell membrane 
by SO, (Varshney & Garg 1979). 
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Tabic 2 Leakage of potassium ( % of total i Seni) from Petunia sp,, bora Javanica and C inn a m on iners 


Treatment 

(C x t) 


Plant Species 


Petunia sp 

Ixora javanica 

Cinnamon tners 

Control 

0 06±0 07 

0 25±0.33 

0 025±0 01 

0 2x1 

0 92dh0 21** 

0 76±0 23** 

0 042±0 03** 

0 2x2 

1 25±0 31** 

1 41 ±0 26** 

0 09±0 07** 

0.5x1 

1 34±0 51** 

2 27±0 64** 

0 16±0 03** 

0 5x2 

2 20±0.30** 

3 21 ±0 53** 

1 45±0 43 

1 Oxl 

2 24±0 30** 

2 92±0 61** 

1 25±0 11** 

1 0x2 

2 81 ±0.66** 

3 48±0 48** 

1 83±0 41** 


C = S0 2 concentration (ppm), t = tune (hour) 
** Significant at 5% and 1% level; 


Ixora javanica though showed the highest K+ leakage but there was no visible injury 
suggesting thereby that SO, concentration remained below the threshold level but could still 
cause K+leakage (Yu etal 1982). 

3. Chlorophyll Content 

Earlier investigations (Malhotra 1977, Laurentoth & Dodd 1981 and Prasad & Rao 1982) 
showed that chlorophyll ‘a’ was more sensitive to SO, than chlorophyll ‘b’ The amount of 
chlorophyll ‘a’ in Petunia sp and Ixora javanica was significantly reduced A high percentage 
reduction of chlorophyll content in Petunia sp is associated with the occurrence of foliar injury 

In Cinnamon iners there was no significant difference in chlorophyll content m any treatment 
(table 3) Low pigment content and a greater loss in pigment were observed in Petunia sp and 
Ixora javanica suggesting that these two species were more susceptible to S0 2 pollution Bell 
and Mudd (1976) pointed out that sensitive plants undergo higher chlorophyll reduction than 
resistant plants m the presence of SO, Syratt and Wanstall (1969) reported that the relatively 
high chlorophyll content m resistant plants enables them to tolerate SO, pollution better than 
sensitive plants, and this was confirmed by Prasad and Rao (1982) 

4 Sulphur Content 

Sulphur .content of the plants was one of the recommended parameters to determine differential 
sensitivity among species (Gudenan 1977, Keller 1982). Results of the present study show 
that sulphur content increased in all the species (table 4). Lmzon et al (1979) recorded a similar 
increase in the sulphur content of leaf tissue exposed to SO, Although the reliability of tests 
using short exposures to high concentrations of SO, for predicting the relative sensitivity of 
plants has been questioned (Garsard Sc Rutter 1982) 

The sulphur content in Petunia sp increased significantly over Ixora javanica and Cinnamon 
iners That might explain why Petunia sp was more susceptible to SO, than the other species 
The greater uptake of SO, by a sensitive plant, compared to the less sensitive plants, suggested 
that a low capacity for avoidance may be a factor influencing its sensitivity to the gas (Garsed 
& Read 1977) Furukawa et al (1980) found a direct correlation between the amount of SO, 
absorbed and plant sensitivity to SO, Susceptibility of the plants may be partly attributed to 
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Table 3 Chlorophyll content (mglg) of test plants exposed to various treatment 


Treatment 

Chlorophyll *a’ 

Chlorophyll 4 b’ 

Total Chlorophyll 

(a) Petunia sp. 

Control 

4>48±0 05 

0.19±0 02 

0.67±0 07 

0 2X1 

0 49±0 04ns 

0 16±0 01ns 

0 65±0 04ns 

0 2x2 

0 41 ±0 03* 

0 19±0 006ns 

0 60±0 03ns 

0 5x1 

0 42±0 03* 

0.22±0 02ns 

0 64±0 03ns 

0 5x2 

0 41 ±0 13* 

0.16±0 04ns 

0 47±0 09* 

lxl 

0 40±0 02* 

0.20±0 02ns 

0 60±0 04* 

1X2 

0 40±0 06* 

0.13i0 02ns 

0 53±0 05* 

(b) Ixora javamca 

Control 

0.59±0 07 

0 24±0.07 

0.83±0.®7 

0 2x1 

0 57±0 07ns 

0 22±0 03ns 

0.79±0 16ns 

0 2x2 

0 56±0 05ns 

0 18 ± 0.04ns 

0 74±0 11ns 

0 5x1 

0 55±0 10ns 

0 17±0 05ns 

0.72±0 16ns 

0 5x2 

0 64±0 05ns 

0 26±0 07ns 

0.90±0 02ns 

lxl 

0 54±0 06* 

0 I5±0.03ns 

0 69±0 06* 

1x2 

0 49±0 12* 

0 18±0.10ns 

0.67±0.14* 

2x1 

0 35±0 03** 

0 10±0 04* 

0.45±0.03** 

2x2 

0 33±0 03** 

0 14±0.006ns 

0.47±0 03** 

(c) Cinnamon iners 

Control 

0 57±0 14 

0 30±0.05 

0 87±0 19 

0 2x1 

0.63±0 05ns 

0 25±0 05ns 

0 88±0 18ns 

0 2x2 

0 63±0 09ns 

0 26±0.03ns 

0 89±0 24ns 

0 5x1 

0 63 ±0 22ns 

0 24i0 08ns 

0 87±0 31ns 

0 5x2 

0 60±0 04ns 

0 20±0 01ns 

0 80i0 05ns 

lxl 

0 67±0 13ns 

0 26±0 05ns 

0 94±0 19ns 

1x2 

0 52±0 07ns 

0 19±0 03ns 

0 71 ±0 10ns 

2x1 

0 48±0 11ns 

0 21 dbO 04ns 

0 69±0 16* 

2x2 

0 43±0 05* 

0 20±0 01ns 

0 63 ±0 05* 

* Significant at 5% level. 

** Significant at 5 % and 1 % level, ns. Not significant 



Table 4 Sulphur content ( %) of different plants exposed to various treatments 

Treatments 

Petuma sp 

Ixora javamca 

Cinnamon mers 

Control 

0 35 ±0 05 

0 03±0 01 

0 03 ±0 01 

0 2x1 

0 61 ±0 08* 

0 07±0 08ns 

0 03 ±0 06ns 

0 2x2 

0 60±0 06** 

0 llio 01* 

0 08±0 01ns 

0 5x1 

0 94±0 14** 

0 11±0 02* 

0 11±0 04* 

0 5x2 

1 14±0 28** 

0 12±0 02* 

0 21 ±0 05* 

1 0\1 

1 12±0 19** 

0 12±0 02* 

0 19±0 05* 

1 0x2 

1 22±0 15** 

0 15±0 02* 

0 25 ±0 05** 


* Significant at 5% level 


** Significant at 1 % and 5% level, ns, Not significant 
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rapid assimilation of SO* Resistant plants appear to convert the gaseous SO* to a comparatively 
less toxic sulphate. 

Conclusion 

Results of the present study show that SO a affects stomatal behaviour and reduces stomatal 
resistance and rate of transpiration. Among die three species tested. Petunia sp. was most sensitive 
to SO* pollution while Cinnamon iners is the most resistant. More studies are needed to determine 
the effects of gas mixtures such as SO* NO* and O a and their fluctuations. 
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Biomonitoring of Airborne Plant Materials— 
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The aerial environment is unique as compared to the terrestrial and aquatic environments, all of 
which together sustain life on earth. Apart from the beneficial gases and microorganisms, the air 
is the repository for many toxic gases and other substances, organic and inorganic. The air is 
further a medium of transport of the flying animals, germs of infectious diseases, plant and animal 
parts, spores of pathogenic fungi, pollen grains, etc, and the study of these aerial fauna and flora 
including its applications is the science of aerobiology (Edmonds 1979, Nilsson 1973). The 
monitoring of airborne pollen and spores and related microphytoplankton, such as tracheids, 
cuticles, algal filaments, insects, scales and wings has received the special attention of aerobiolo- 
gists, mainly for its bearing on human allergy and plant pathogenicity 

In principle, the air-borne pollen and spores are produced in sporangia and are dispersed 
along various directions, resulting in various functions, such as: (r) fertilization of the female 
counter-parts, (it) fungal infection by means of spores, and (in) allergenic afflictions of the 
bronchial or dermal system in human beings (Chart 1) Further, these microflora are deposited in 
a variety of environments, becoming fossils at certain locations (e g mud bottom of lakes, swamp, 



Chart 1 The scheme of pollen biology 
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etc) which ultimately is of index value m diverse scientific pursuits like oil exploration, coal 
stratigraphy, palaeophytogeography and palaeoclimate (Nilsson 1973). The use of pollen in 
biomomtonng is fundamentally due to its unique morphological features, which serve to fix the 
identity of the plant taxa, to which the dispersed pollen, such as those m the air, or geological 
deposits, belong to (Erdtman 1952, 1956). 

In scope, the present treatise relates to a survey of airborne pollen and spores in India, with 
the aim of providing the required basic knowledge to tackle the problem of human allergy. A 
discussion on the concept of biopollution and on the bioindicator value of pollen systems in 
pollution monitoring, and on the possible new applications of aerial surveys of pollen and spores, 
with particular reference to India, are provided. 

A Historical Background 

As early as 1874, D D Cunningham, a medical scientist reported the occurrence of a biomass of 
particulate materials such as pollen grains, fungal spores, wings and scales of insects, small ani¬ 
malcules, etc, from an examination of the air over Calcutta, contemporaneous with similar 
findings made m England by Blackley who not only observed the airborne microflora, but also 
correlated it with the incidence of the common allergic complaint in man, namely hayfever. 

For many decades since the momentous findings made by Cunningham, aerobiological studies 
did not receive any attention in India except for the study of the incidence of Puccima spores at 
Agra by Mehta (1933), and the aerospore surveys made by some medical scientist groups led by 
Dr R M Kasilwal (Sanghvi et al. 1957) at Jodhpur and Dr K L Kalra (1957) at Pune. 

A new decade of aerobiological research m India started with the studies made by Lakhanpal 
and Nair (1958) at Lucknow and at Almora m 1958 and 1960 respectively. Following the above 
studies, elaborate investigations on the airborne microflora, and its relation to allergy were 
made by Dr D N Shivpuri, and his school in Delhi (Agarwal & Shivpun 1964). During the last 
one decade, aeropalynological studies in India have been made at a few other centres such as 
Vellore, Nagpur, Wsdtair, Mysore, Bangalore, Aurangabad, Calcutta, Jaipur, Meerut and Gauhati, 
etc., and further, there is a growing understanding among the medical men about the bearing of 
airborne pollen and spores, and on the incidence and spread of allergy in the country. 

Recently, the Council of Scientific and Industrial Research Delhi launched an All India Co¬ 
ordinated Project (AICP) on Aerobiology, under the joint auspices of the National Botanical 
Research Institute, Lucknow and the CSIR Centre for Biochemicals, VP Chest Institute, Delhi 
supported by a network of organisations in India (Nair 1984). The successful national experiment 
may be considered unique in the field of aerobiological research. 

Monitoring of Airborne Pollen and Spores in India 

The common method of collecting the atmospheric pollen is by the gravity slide method, m which 
an adhesive coated slide is exposed to the air inside a suitable apparatus (aeroscope) at 24 hr 
intervals for one or two years The chief results based on earlier studies by the author (Lakhanpal & 
Nair 1958, 1960, Nair 1963) and on the All India Co-ordinated Project on Aerobiology (Nair, 
unpublished). Pollen grains, fungal spores, and algal materials (figures 1-11) were caught on the 
slides, apart from plant hairs, cuticles, tissue parts, etc 

Pollen grains of as many as 86 families of angiosperms, and 5 families of gymnosperms are 
present in the air, of which the Amaranthaceae-Chenopodiaceae, Compositae, Cupuliferae, 
Euphbrbaceae, Leguminosae, Urticaceae, Gramineae, Palmae, and Pinaceae are among the most 



Table 1 Comparative incidence of airborne pollen grains at Atmora {Himalayan Region), Lucknow (<Gangetic Region) and Vellore {Peninsular Region) 
on an area of 2.2 sq. cm (Z.5 cm at Almora), of exposed surface 
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26 Defonix 

- 

- 

- 

- 
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- 

- 

X 

X 

- 

- 

X 
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9.79 

135 
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49 Unidentified 
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- 
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- 
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- 

- 

- 
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* Peak months 

a. At Vellore alone, b t Sporadic (Chenopodiaceae) at Almora; c, Sporadic at Vellore; d, referring to Almora October-December at 
Lucknow; e t April only at Vellore; f found oddly in every month; Dec.-March, in Lucknow, December only at Vellore, Feb.-March & Dec. not 
present at Almora), g, only m May at Almora, h, referring to Lucknow (Feb-March at Almora); i, referring to Lucknow (March and 
November only at Almora; May-July at Vellore; J, referring to Lucknow (April only at both Vellore and Almora); Ar, referring to Lucknow 
(March-May at Almora), L referring to Lucknow (May only at Almora); m, referring to Almora (Feb-Aug. at Lucknow); n 9 referring to 
Almora (Feb -April & Nov-Dec. in Lucknow) Rumex lastatus at Almora and other species at Lucknow; o, referring to Almora (March-Apnl 
at Lucknow) 
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dominant ones (figures 1-6). A comparative pollen spectra map (figure 12), shows that the 
Gramineae are represented all over India, the lowest being at Almora (Himalayan Region) and' 
the at Raipur (Madhya Pradesh) The other taxa common to the whole country ate 

Amaranthaceae-Chenopodiaceae, and Compositae, while Azadirachta is a commonly occurring 
genus, except in the Himalayas. On the basis of some index types*, India could be demarcated ' 
into three aerobiological zones, which are as follows (table 1)’ 

(i) Himalay an Region (Type locality: Almora, Lakhanpal & Nair 1960): Taxa- Quercus* 
(2098%), Pinus* (14.89), Alnus* (11.20), Cedrus* (11.12), Aesculus* (9.46), Celtis (6.69), 
Cannabis (5.66), Gramineae (5.43), Cupressus* and Rumexhastatus* (2 94), Mortis (2.06), 
Artemisia* (1 08), Urticaceae (1.04), Picea*, Grewia, Cruciferae, Myrtaceae, Mimosae, 
Leguminosae, Compositae, Chenopodiaceae, Juglans*, Be tula*, Corylus *, Carpmus*, 
Cyperaceae (All below 1%). 

(g) Region (Type locality Lucknow, Lakhanpal & Nair 1958): Taxa: Holo- 

ptelea* (42.55%, confined to Feb-March), Ailanthus* (22.30), Gramineae (9.79), Morus 
(6.15), Azadirachta* (4.16), Amaranthaceae-Chenopodiaceae (3.06), Leguminosae (2.65), 
Myrtaceae (2 22), Cupressinae, Pinus, Polyalthia, Cruciferae, Caryophyllaceae, Malva- ■ 
cm e, Bombax, Cedrela, Mimosae, Umbelliferae, Xanthium, Artemisia, Other Compo¬ 
sitae, Acanthaceae, Abus, Cyperaceae (All below 1 %). 

(tit) Peninsular Region (Type locality. Vellore, Nair 1963) Taxa. Gramineae (58.95), 
Urticaceae (10.04), Azadirachta and Borassus* (5.24 each), Leguminosae (3.06), Rumex 
(2.62), Putranjiva, Delonix, Amaranthus (2.18% each), Cocos* (1.75) Bauhinia (131), 
Acanthaceae, Compositae, Croton, Mimosae, Nymphaeae (all below 1%). 

Apart from pollen grams, a total number of 92 fungal genera have also been recognised, of 
which the spores of Altemaria, Cunulana, Helmmthosporium, Eptcocum and Cercospora are the 
most common (figures 8-11)' The occurrence of algal filaments (figure 7) has also been reported 
from many localities of which a detailed analysis has been done at Bareilly (Gangetic Plain; 
Sudershan Kumar et al. 1984). 


Discussion 

The Concept of Biopollution, and the Use of Pollen as Bioindicators 

Do pollen grams and spores and other plant materials come within the scope of pollution? Are 
they biomdicators? These are some of the pertinent questions that have to be answered in order to 
support the concept of biopollution of the air as an environmental hazard 

A pollutant should be considered to be any material, organic or inorganic, which has a harm¬ 
ful effect on the living system, and which have a direct or indirect bearing on the health and wel¬ 
fare of man In the air, there are toxic gases, and dusts which have been universally accepted as 
pollutants. The pollen grams and spores form an inseparable constitutent of the air affecting human 
health causing allergy m as much as the toxic gases and dusts cause a variety of diseases, and there¬ 
fore are pollutants. Further, the gases and dusts in the air are local in its occurrence, depending 
upon the location of their source, while the pollen grains and spores are omnipresent, occurring 
everywhere around the globe, and therefore they should be considered to be good bioindicators, 
m monitoring programmes (Environmental Health Perspectives Vol 37, 1981) 
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Figures 1-6 Microphotographs of some common airborne pollen grains 1, Ailanthu s excels *}; 2, Alntu nepalensis , 
3, Chenopodium album; 4, Cynodon dactylon, 5, Holoptelea integrifolia, 6 Pmu\ sp [fig. 6 ( 500), All others 
( 1000 )] 



figure 7 \uboinealgal filament L\ntib\asp ( ^00) 
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Figures 8-11 Microphotographs of some common airborne fungal spores 8, Altemana, 9, Cut vttlatta, 
10, Epicoccum , 11, Halminihospotium ( 1000) 

Pollen as biomdtcator 

The concept of pollen systems as a bio-indicator is a comparatively lecent one, and it emerged 
during a conference on the theme (Environmental Health Peispectives Vol 37 1981) In making 
a bioindicator test, pollen tube growth may be used as an index to detect mutagenicity or growth 
inhibition (Rosen 1981) The advantageous features of the pollen systems to detect phytotoxicants 
have been enumerated by Rosen (1981) and are as follows 
(/) Genetic uniformity (haploidy), 

(//) Rapid growth (upto several mm/hr) on simple medium, 

(m) Ease of storage, continuous availability, 

(iv) Small size, peimitting ease of handling laige numbeis, 

(v) Availability of ecosystem specific types. 
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Figure 12 A representative national pollen spectrum of India 
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(vQ limited osmoregulation; 

(to) Continuous cytoplasmic streaming, and 
(viii) Potential for cell culture and for embryogenesis. 

The sensitivily of pollen to various toxic gases, such as SO a (Kamosky Sc Stairs 1974), fluorides 
(Facteau & Rowe 1977), and ozone (Feder 1968, 1981), resulting in the reduction in pollen germi¬ 
nation and tube elongation has been amply testified. Further, Feder (1981), demonstrated the 
value of the method m establishing ozone-sensitive and ozone-tolerant pollen populations m 
to bacco , Petunia and tomato cultivars. The above findings suggest the possibility of devising a 
method for using pollen germination m vitro as a measure for evaluating air quality. 

Apart from pollen germinability test, pollen has been variously used as a biomonitor. The 
pollen in honeys has been found to be the best indicator of radionucleotide pollution 

(Kirkam & Corey 1977). The pollen contained in peat is considered to suggest metal pollution 
by lead, zinc and copper (Elizabeth & Lee 1979). The use of radioactive isotopes (Iodine m ) in 
/fetermining the distribution pattern of pine pollen has been demonstrated by Colwell (1951). 
Similarly, F^-irradiated pollen of Delphinium sp. was used m monitoring the pattern of its 
dispersal by the b umming bird (Schlising 1971, Turpin & Schlising 1971), which is of relevance 
in the study of pollination ecology. 

Aspects and Prospects of Atmospheric Pollen-spore Monitoring 

The airborne particulate materials being closely linked with the health and welfare of man, the 
knowledge of the subject will have a bearing on national policies and programmes of development 
relating particularly to environment. The international impact of such a programme is enormous, 
in terms of generation of new knowledge, new technology, and new products of economic value. 

Considering India alone, the survey of airborne pollen and spores has been limited to just a 
few urban localities with the chief aim of tackling the problem of allergy. But, the survey has a 
wider meaning and scope, embracing various areas, such as ( i ) Environmental planning and toxi¬ 
cology, («) Forestry and agriculture, (ziz) Rural development, (zv) Occupational health, and 
(v) Exploration of coal and oil (chart 2) 

(z) Environmental Planning and Toxicology 

The microbiological material in the air provides an index of the allergy-causing component of the 
air, and the knowledge m turn helps to take measures for reducing health hazards, through the 
planting of desired trees, as one of the steps Further, the information on the allergenic flora and 
other materials of any one place, prior to its development into new urban set ups, will render a 
great deal of service m planning the plantings of the townships/removal of harmful elements, and 
such advance information on pollen-spore incidence will help residents to take precautions inclu¬ 
ding the shift to pollen-free health resorts (as practiced in the USA). As an example of chrome 
problems in India, the “Parthemum allergy problem” of Bangalore may be cited Intensive aerial 
pollen surveys for specific allergens, can provide information on the pattern of distribution of the 
concerned plant, which will lead to taking measures to arrest its distribution. Further, such studies 
will be an effective means for gaining information on the ecosystems of the ground flora In short, 
the airborne pollen can be used to advantage, in monitoring the environment. 

(«) Forestry and Agriculture 

The pollen distribution m the air is an index of plant distribution, and therefore an intensive aerial 
pollen survey of the economically important forest trees can provide information on the pattern 
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Chart 2 Applications of aerobiology 


of distribution, for use in their mapping In inaccessible forests particularly, the above method will 
easily facilitate the pooling of vital information not only with regard to the known plants or eco¬ 
nomic viability, but also to plants which are rare and endangered and which need protection and 
conservation. In several countries, the value of atmospheric pollen analysis for maintaining dis¬ 
tance isolation of forest trees, and for checking the existence of male plants (in dioecious taxa) as 
an essential requisite to effective pollination and seed production, has been demonstrated. 

Advance knowledge on the incidence and migration of fungal spores is of importance in crop 
pathology. Further, considerable interest has been shown to studies of phyllosphere microflora 
which is nothing but the deposition of aerospora on the leaf surfaces. The problem of distance 
isolation of crop plants has also been tackled effectively from a survey of airborne pollen grains 
in crop fields In order to gain knowledge on certain aspects of fertilization biology, involving 
foreign pollen, and associations of fungal spores with pollen, etc, a knowledge of the aerospora 
is an essential pre-requisite In programmes of weed control, the survey of atmospheric pollen has 
been suggested to be of great advantage (Durham 1955). Thus, aerobiological studies constitute 
an important area of agricultural research 

(hi) Rural Development 

Our present knowledge on airborne pollen and spores is almost completely confined to urban areas, 
but the rural population, though distributed into hamlets, is several times larger than the urban 
population. Our knowledge of the incidence of allergy among the rural mass is negligible, because 
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of the simple fact that neither aerobiological nor clinical studies have been extended to the rural 
areas of India. It is therefore important that rural aero-allergens are identified, which include both 
crop and wild plants, their residues and fungal growth, before drawing up plans for clinical 
treatment 

(tv) Occupational Health 

The aerospora indoors, m the various areas of human occupation and togetherness, has a bearing 
on the health of the incumbents. For example, the leather, hay, or plant wastes, etc. are sui¬ 
table for fungal growth. Thus, a knowledge of the incidence of spore flora in the rele¬ 

vant, occupational surroundings is important for the prevention and treatment of allergy of the 
people in those environments. There are reports on the aerospora of libraries, market places, and 
even herbaria, which are some of the micro-environments of occupational significance. 

(v) Exploration of Coal and Oil 

A knowledge on the incidence and spread of pollen and spores in the air, the long distance 
transport, etc., can be of sign ific ant application in the exploration of oil seams, for drawing 
isobotanical lines of ancient shores, based on Sporae dispersae. The same is true with regard to 
coal stratigraphy and palaeophytogeography. 

ConcMiag Remarks 

The term monitoring refers to measuring, evaluation and action with regard to the environ¬ 
ment, and the above definition applies to the survey of airborne pollen and spores. In order to 
fix the state of biopollution of the aenal environement, the recording of the data on the incidence 
and spread of the pollen and spores is the first step. The evaluation and analysis of the data is the 
second step, m order to develop a warning system of the possible outbreak of allergy on the one 
hand and plant diseases on the other The third step, namely action, involves the production of 
antigens, and their clinical application in the treatment of allergy, as also the formulation of suitable 
recommendations, to prevent the incidence of biopollutants or else to advice the allergy victims 
to move to safer places. 

While the above are the direct objectives of the biomonitoring of airborne pollen and spores, 
the knowledge therefrom has a vanety of interests involving environmental planning, occupational 
health, rural development, agriculture and forestry, and palaeoclimates. A plant pathologist may 
need spore gradient data of a pathogen to establish the pattern of spreading of the disease from the 
source of infection. To a forester, knowledge on distance dissemination of pollen is important m 
determining the proportion of genetically superior seeds which may be expected, if a ‘seed farm’ 
of select trees is located at a certain distance from a wild forest of the concerned trees producing 
genetically inferior pollen The health authorities of any township may welcome knowledge on 
aero-alleigens, in order to take preventive measures on the eradication of the concerned plants 
within a radius of the town, or else to plan for providing relief to the afflicted ones Further, the 
pollen and spores can be profitably used as biomdicators of pollution both in aerial and other 
environments. The pollen offers scope for being used as an ideal experimental system for laying 
standards for measuring air pollution. 
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Comparative Studies of Respiration us & Guide to the Selection 

of Bio-indicators 
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Tn a study of the plankton of the English Channel off Plymouth, Russell (1936,1939) had observed 
the existence of two species of Sagitta (Chaetoguatha) and he pointed out that the occurrence 
of one or other of these species gave a very good indication of the relative strength of the currents 
entering the ttngHsb Channel from the Atlantic and currents coming down from the North Sea 
through the Straits of Dover into the eastern end of the English Channel. As the Atlantic water 
was very nch in nutrients, the presence of Sagitta elegans off Plymouth indicated the influx of good 
nutrients to the fishing grounds around the British Isles. This is a consequence of, the currents 
flowing round the top of Scotland into the North Sea, which enhances fish yield. This enabled 
prediction of fish catches in the North Sea. This was a positive aspect of biomdication but un¬ 
fortunately now the m am emphasis on indicators is to provide information regarding hazards 
to fish populations by way of adverse environmental conditions. 

An example in which a biological indicator was used in some interesting studies on the 
respiratory adaptations of aquatic and parasitic insect lame is illustrated in figure 1. In the 1920’s, 
much debate took place as to whether certain extensions from the body wall had a respiratory 
function or not. At sites of oxygen uptake there would be a sharp gradient in oxygen tension and 
the consequent accumulation of a suitable protozoan such as Polytoma proved to be invaluable 
(Fox 1921, Thorpe 1930, 1932) In some cases accumulation occurred around the whole of the 
body without any special reference to the supposed respiratory structure (figure lb). 

The present-day respiratory biologist is still very much concerned with the entry of oxygen 
and its transport throughout the body and the consequent production of carbon dioxide from 
the tissues and its release to the environment. Figure 2a shows a basic model of this system— 
from which it is apparent that the physical processes concerned are initially convection (ventilla- 
tion) outside the respiratory surface across which diffusion occurs, and this is succeeded by 
convective processes within the vascular system (perfusion) which transport oxygen to the tissues 
where once again diffusive processes become important in the transfer to and within the cells. 
Excretory products, including carbon dioxide, are released into the blood and transported to the 
respiratory surface where diffusion occurs into the environment Such a model is of use m consi¬ 
dering the entry and influence of noxious substances which in turn provides some guidance to 
areas where a physiological/biochemical understanding of these effects could enable us to detect 
the existence of adverse environmental conditions (figure 2b): 

(i) The first site of such effects might involve modification of the body surfaces which m turn 
could affect gaseous and ionic exchanges and exchange of other solutes. 

(n) Other materials might have little effect on the surface but would enter the blood where 
they could directly affect transport mechanisms by modification of the gas transport, acid-base 
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Figure 1A-B; A, Diagram to show patterns of aggregation of protozoan (Bodo) round pupa of Slmulium {after Fox 
1921); B, Parasitic larvae of 0) Omorgus (fchneumomdae) and (u) Cryptochaetum (Agxomyzidae) showing 
successive aggregation patterns of the flagellate Polytoma {after Thorpe 1930, 1932) 


and other properties of the blood. The availability of blood samples therefore provides a ready 
access to some assessment of such changes 

(iu) The third type of primary effect would be from chemicals which again would pass across 
the surface and into the blood with minimal effects but would be transported by the blood to 
other organ systems where they might produce significant effects. These could influence such 
physiological functions as the mechanical or biosynthetic properties of these systems. Some of 
these chemicals might be rendered harmless at these sites by detoxification mechanisms and lead 
to accumulation products which again might be recognisable 

Some chemicals might influence the nervous and muscular system and so become apparent 
as behavioural effects on the whole organism. There could be many other side effects within organ 
systems which might interfere, for example with the excretory products which could lead to the 
accumulation of waste products and consequent poisoning of the organisms The diagram m 
figure 2b indicates very simply this sort of model and although this relates to the whole organism 
where entry also occurs across the gut surface, it is shown here specifically m relation to respira¬ 
tory surfaces (skin, gill, lung) which are obviously vulnerable to environmental borne factors and 
because of the thinness of the environment/blood barriers Clearly, another whole class of effects 
which could only occur in the alimentary canal because of a noxious product entering with the 
food 

From this simple model we can immediately see many complexities arising particularly m 
relation to secondary effects For example, the primary effect of a particular chemical might be 
on the central nervous system which could lead to a reduction in general activity and a consequent 
reduction in oxygen consumption which would be measurable This might lead to the conclusion 
that the chemical affects the respiration of the animal, whereas in fact the primary influence was 
on the nervous system This example pinpoints the great need, regardless of the organ system 
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Figure 2A-B; A, Diagram to show the basic model of the respiratory system Note the alter nation between 
convention, diffusion, convection and diffusion during the passage of oxygen molecules from the external 
environment to the cellular sites; B, Diagram illustrating some of the sites where noxious substances entering 
the body through respiratory, and other body surfaces, can pass through the external layer and through the 
transport system to have their effect at deeper sites within the body 


investigated, to constantly revise assay methods in the light of research on the known effect of 
particular pollutants This assumes, of course, that it is desirable to know the primary effect 
although from a general point of view perhaps what matters is that the method of assay should 
be the one that gives the most sensitive and early indication of any pollutant action. In many 
cases this would involve the primary site of action but not necessarily. 

Examples for different parts of the basic model are given below together with an outline of 
some of the techniques for investigating respiratory physiology which provide possible ways to 
assay the influence of environmental pollutants 

Morphological Studies 

In fishes, the gills come into very close contact with the water and many pollutants have an effect 
which may be shown in their external appearance, “pale in the gills” is a well-known English 
expression' In other instances this may take the form of quite marked physical damage and in 
the case of suspended solid pollutants an obvious clogging of the gill network A number of these 
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early indications of water pollution may be followed by secondary infections produced by fungi 
and microorganisms Gills are also often the site of infection with macro-parasites and these 
again can indicate poor water quality Many of these conditions are associated with mucus pro¬ 
duction which further interferes with gaseous and other exchanges. Histological studies can 
identify gill infection and its possible nature. Indeed these effects may be quantified by the appli¬ 
cation of morphometric techniques (Hughes 1972a) which have shown themselves to be very 
useful in indicating sublethal concentrations of heavy metals m water breathed by fish such as 
rainbow trout (Hughes et al 1979). Although sophisticated in their method of analysis, these 
techniques are essentially quite simple and some can be carried out with equipment available in 
most biological laboratories (Hughes et al. 1978, Tuurala 1984) Because gills are so extensive, 
sampling methods are required Studies utilised so far have tried to use representative samples, 
but for use as an early warning they could probably be reduced in number 

Sections of gill or other tissue are made either at random (Hughes 1972a) or onented 
perpendicularly to the secondary lamellar surfaces (Hughes & Perry 1976) With random 
sectioning, analysis is made using a rectilinear grid whereas a Merz-type grid (figure 3) is prefer¬ 
able for oriented sections. Using these grids, the two main types of counting can be carried out 
(i) points on the grid, i e the crossover points on the rectilinear grid and the number of these 
points in a given section indicates the relative volumes of the tissues counted in the section; and 
(ft) intersections of grid lines with surfaces of the tissue equally give some indication of the relative 
surface areas, knowing the absolute value for one part of the system it is possible to compute the 
absolute surface areas of other parts or relative sizes of these surfaces can be assessed. 

In addition to these two basic types of counting in many tissues specific distances may be 
determined such as distance across the water/blood barrier of the secondaiy lamella These dis¬ 
tances are determined at points where the grid lines intersect the surfaces concerned. For respira¬ 
tory structures the latter information combined with determinations of total area of the gas 
exchange surface enables computation to be made of the so-called diffusing capacity (Doz) of the 
organ* 

Doz = A/t x K. 

This expresses quantitatively its ability for gases to diffuse across the barrier and is directly 
proportional to the area (A) and inversely proportional to the thickness (f) The coefficient relating 
these two in the case of respnatory gases is the Krogh permeation coefficient (K) Unfortunately 
relatively few values for these coefficients are available and this is one area of research which 
should be encouraged, particularly because gas transfer also occurs through a mucus film The 
outer suiface of secondary lamellae is microridged (Hughes 1979) and covered with a very thin 
film of mucus which forms a part of the water/blood barrier As has been mentioned before, many 
pollutants affect the thickness of this film (figure 4) and they may well also affect the physical 
properties of the mucus, making it more or less permeable to gases and perhaps changing the 
relative permeability to gases, ions (Pait & Lock 1982) and water for example The physico¬ 
chemical properties of mucus have been very much neglected and would repay detailed study 
It is known that mucus from different parts of organisms vary in then chemical nature and there 
is some evidence for differences in their physical properties For example in rainbow trout the 
mucus from the body, operculai and gill surfaces have different chemical compositions (G M 
Hughes & A J Mittal, unpublished) It is probable that studies of mucus could provide a readily 
available material which might indicate pollutant action Measurement of surface areas of gas 
exchange organs also provide essential data foi calculations of diffusing capacity and othei 



Figure 3 Pomon of lamellai legion of a trout gill, with Merz gild supeiimposed The size of the grid and magnification of the phoio- 
miviogiuph aie c bcut half these used Some measuiements points and inteisections are indicated (fiom Hughes & Peny 1976) / = total 

watei blood distance i m — that poition of / m OPS not occupied by tissue, I 0 = intersection with outer suiface of secondary lamella, /j 
inteisection with ‘mnei surface formed by the basement membrane P tts = point lying over tissue component of OPS, Pnt — point lying 
o\ei non-tissue component of OPS P bmtpc= point lying over either basement membrane 01 pillar cell component of PS 
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Figure 4 Diagram to illustrate possible differences in the thickness of portions of the water/blood barrier (a) under 
normal conditions and (b) following exposure to pollutants (larger dots) In particular the thickness of the mucous 
film (Mu) increases and diffusion of pollutant between water and blood is delayed Much of the pollutant becomes 
lost as a larger quantity of mucus is swept away by the water current (Be) blood channel, (W) water, (B) basement 
mwrihraiw, (Ep) epithelial layer, (Pcf) pillar cell flange (from Hughes 1985) 

parameters which may change quantitatively under adverse conditions of water quality (Munshi 
1976, Hughes 1984b). 

In more recent years, the application of scanning electron microscopy to studies of gill sur¬ 
faces and lungs has proved to be a useful tool in recognising damage to these surfaces. This is a 
relatively simple technique and scanning electron microscopes are now more readily available. 
One of its greatest advantages, apart from being particularly suited for surface studies, is the 
larger sample which can be viewed in a relatively short period. Besides this obvious application 
to gills and lungs, it can be useful in relation to changing structure of the skin and has also proved 
useful in studies of the olfactory epithelium, again a region of the outer surface which comes into 
close contact with any pollutant materials 

Physiological Studies 
Ventilatory Rhythm 

Perhaps the most obvious physiological parameter of the respiratory system is frequency of the 
ventilatory movements (e g Morgan & Kuhn 1974), whether it be a water or air-breathing animal. 
In most cases, frequency increases when oxygen levels are reduced (hypoxia) and is often an early 
sign that something is wrong in the environment (figure 5). In many cases this effect is a secondary 
one resulting for example from a restriction of oxygen supply to the animal because of damage 
to the respiratory surfaces. In other cases, however, pollution of the environment may directly 
reduce the oxygen content and this influences the respiratory control mechanism with a resulting 
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DAYS 

HjW 5 Daily average opercular frequencies of Micropterus salmoides exposed to different solutions of cadmium 
Number m brackets denote times of death for individual fish (from Morgan and Kuhn 1974) 

hyperventilation. With the increase in electronic equipment available to biologists there are now 
several non-mvasive methods available for recording ventilatory frequency (Camougis I960, 
Capra 1976, Thompson et al. 1982, van der Schalie 1980). Some are relatively expensive but 
many valuable studies can be made without such devices 

A less well-known feature of the ventilatory rhythm of aquatic animals such as fish is the 
occurrence of ‘coughing’. The function of such coughs is probably to re-adjust the orientation 
Of gill filaments during normal cycles but the frequency of such movements increases as pollution 
develops (Hughes 1976, Drummond & Carlson 1977). This has been shown for many pollutants 
including heavy metals, suspended solids (figure 6) etc. There are m fact many different types of 
cough (Hughes & Adeney 1977a), the most simple subdivision being into ‘forward’ and ‘back¬ 
ward’ coughs during which the pressure changes within the buccal and opercular cavities are 
altered to increase the reversal or accentuate the normal water current. Again devices have been 
developed which enable a continuous monitoring of the coughing frequency offish held m conduits 
to which water from rivers may be directed (Miller et al.) and hence gives some warning of 
sudden changes m water quality. This, I suppose, is the fish equivalent of the way m which 
some birds have been employed in wartime to test for the presence of noxious gases and for 
«irbon monoxide m coal mines. In the latter case, of course, much of the distress arises 
teeause of the direct effect of carbon monoxide on the transport system and as indicated above 
this would be a type ( 11 ) response 

Changes in heart rate are also well known in mammals as indicators of some misadjustment 
m the environment and such techniques have also been applied to fish where a slowing of the 
heart (figure 7) is generally indicative of a lack of oxygen (Hughes & Tort 1983) In more sophisti¬ 
cated studies it has been shown that the relationship between the respiratory and cardiac rhythms 
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Figure 6 Plots showing changes in coughing frequency of rainbow trout during three experiments in 
which the fish was subjected to suspended wood pulp fibre in the circulated water (from Hughes 1975) 



TIME, mm 

Figure 7 Plot to show the effects of zinc sulphate (40ppm) on the cardiac frequency and percentage coupling 
between the cardiac and ventilatory rhythms Values are plotted as percentages of the maximum cardiac frequency 
and of the maximum percentage coupling observed during each experiment. Values SE are shown in each case, 
based upon results from five fish (Hughes A Adeny 1977 b) 
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is also aBbcted in many cases. This relationship ensures that there is some adjustment between 
the of oxygen brought to the gas exchange surface and the capacity of the blood to remove 

it Thus in the coupling between these two rhythms can lead to an improved gas trans¬ 

fer. In entsetoe ca ses, the two rhythms become almost synchronised so that maximum blood flow 
coincide# with tnaTirmim water flow across the gas exchange surface (Knights 1971, Hughes 
1973, 1971). As indicated above many of these physiological effects may be due to a 

direct dtiect via the respiratory mechanism but it is also possible, in some instances, that they 
result from indir ect effects which damage the central nervous system where these controls are 
effected. 

Sampling of blood is a well-known method for gaining some indication of cardiovascular 
function. Haematological laboratories are present m most hospitals throughout the world, therefore 
many of the basic methods are widely distributed and could be utilised in many cases. In spite of 
this the comparative study of haematology of vertebrates is still very ipuch in its infancy. Part 
of the difficulty is that species differ from one another so that each has to be studied as a special 
case, Never theless those studies that have been carried out show that this can provide useful 
data (Hardig & Hoglund 1983, Hesser 1960, Hawkins & Mawdesley-Thomas 1972). The 
measurements range from relatively simple red and white cell counts to more detailed-analyses 
of the relative contribution of different red and white cell types (Mahqan & Dheer 1978). 
Haemoglobin content and haematocnt value are also easily determined. Measurements using 
blood plasma give information regarding general metabolism and more detailed biochemical 
analyses (Nakono & Tomlinson 1967, Nemcsok et al. 1982, 1984) can detect metabolic end pro¬ 
ducts liberated into the blood because of a blocking of pathways in the liver, for example In all 
these studies new developments in methods of blood sampling from chronically implanted 
canmilae (Hughes 1981) can greatly improve the reliability of the results. Recent studies with 
red cells have shown changes in their physical properties which can be quantified. One of the 
simplest (figure 8) is to time the rate of filtration of a given volume of blood through pores of 
known dimensions (Kikuchi et al. 1983). In mammals this index of cell deformability has proved 
to be a useful diagnostic tool for a number of diseases (Kikuchi et al. 1982) and nutritional 
abnormalities, including heavy metal excesses (Levander et al 1980). So far such a project has 
not been extended to fish cells where it may be sensitive to pollutants although preliminary 
studies have shown that it is influenced by environmental factors including hypoxia (Hughes & 
Kikuchi 1984) and exercise. 

Measurement of oxygen consumption (vO*) has commonly been used by many investigators 
and certainly provides an overall indication of respiratory and cardiovascular function 
Although simple in principle, such measurements must be carried out under controlled 
conditions. If sufficient care is not taken changes due to nervousness or inrraasftd activity 
may obscure the more subtle effects of environmental changes. Two main methods are in 
common use: 

(a) in closed respirometry the animal is allowed to equilibrate in an air or water-tight chamber 
through which a continuous flow of the medium is maintained and the oxygen level continuously 
monitored. Then the respirometer is completely closed and the oxygen concentration within the 
respuometer falls and the rate at which this occurs is indicative of VOj A major disadvantage of 
the method is that the oxygen level inspired by the organism is changing Above certain levels 
(e.g. 100 mmHg) this probably does not have any marked influence and the rate at which oxygen 
is removed from the medium is a good measure of VO, under those particular conditions. These 
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Figure 8 Diagram to show basis of apparatus used for measurement of red cell deformabihty. Blood inserted into 
a 0 5 ml syringe is made to flow through the Nucleopore filter by an imposed suction pressure of 10 cms H a O After 
measurement the system is washed with saline and a new filter is infused with saline before insertion of the next 
sample (from Hughes, Kikuehi and Watan 1982 ) 

conditions may range from rest to respirometers in which the animal is being exercised at known 
rates (Blazka et al 1960, Brett 1964, Kutty et al 1971) 

(fl) continuous flow respirometry differs from the closed system in that the level of the inspired 
oxygen remains constant It involves, however, an accurate measurement of the difference 
in oxygen content of the medium entering and leaving the respirometer and the flow rate (F) 
Hence VO* = (CO a , inlet — COg, outlet) F. 

The inlet POs can be varied and held at different levels to establish the vO s /POa relationship 
Although simple in principle it is important to pay attention to the detailed way m which 
such measurements are carried out, particularly if information is required on the rate of change 
in oxygen consumption The volume of the respirometer should be kept small relative to the size 
of fish, but this cannot be carried out too far as it is also important to maintain the fish 
m as normal space conditions as is possible If the respirometer box is too large then the time 
constant of the measurements is lengthened This is because with a change m oxygen consumption 
it takes a significant period befoie the outlet water is m equilibrium with the water in the 
respirometer For measurements under steady state conditions this does not produce any problems 
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fjg^ 9 Diagram illustrating the relationship between scope for activity in a rainbow trout whose oxygen 
consumption was determined over the range of swimming speeds. Dashed dotted lines show similar plot for 
a fish from which the second gill arches had been removed. In the latter case the values for standard 
oxygen consumption (extrapolation to zero speed) are insignificantly different to those of control fish. Maximum 
yO i is less in fish with gill damage, however, which consequently have a lower aerobic scope (after Hughes 1984a, 
Duthie & Hughes 1982) 

but where changes m oxygen consumption with more rapid changes in environmental conditions 
are being studied then it can lead to serious errors (Hughes et al. 1983). Once again the activity 
level of the organism can vary and this is a very important factor in all experiments involving 
measurements of oxygen consumption. 

One aspect of the relationship between the resting or standard oxygen consumption (VO,, 
stand) and the active levels of oxygen consumption is the so-called scope for activity which repre¬ 
sents the maximum amount by which the organism can increase its resting level (figure 9) This 
may be important from a survival point of view and there are some indications that some pollu¬ 
tants can affect this parameter. It has been shown, for example, that physical damage to trout 
gills, although not affecting VO, stand, significantly reduces the active levels and hence the animal’s 
scope for activity. 

In addition to studies using whole animals a number of preparations are available using the 
respiratory and cardiovascular system which have been found suitable for assaying the presence 
of pollutants in natural waters. One of the best known is the isolated gill preparation (Perry 
etal. 1984) in which an isolated gill arch is perfused with saline and the rate of perfusion is 
followed after the addition of various chemicals. This preparation is sensitive to catecholamines 
and this sensitivity changes following water pollution. For example, the threshold concentration 
for the vasodil&tory response to noradrenahn of gills from trout living m clean water is between 
10“ u and 10~“ whereas m gills of fish which are taken from polluted water the threshold may 
be increased to as much as 10 _a or 10“*, and this is easily reproducible (Stagg et al 1981). 
Studies on isolated heart preparations have also been carried out but these have not produced 
such striking results. Responses of the peripheral capillary net works in the fins of fish are 
also worthy of study but little information is available. 
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All of the morphological and physiological investigations referred to above could and in 
some cases have been extended to a wide variety of fish and other aquatic organisms. When 
applied to such a range of animals it is not surprising that some of them are more suitable *h^ n 
others. In tropical countries air breathing fishes are well known with their habit of coming to the 
surface for air during conditions of low water oxygen (Dehadrai & Tripathi 1976, Singh 1976) 
This increased surfacing is easily observed and can give early warning of a deterioration in water 
quality conditions. Indeed the swimming of rainbow trout and other fishes near the surface is 
often taken as an early warning of hypoxia in temperate waters. In relation to the overall oxygen 
consumption of an air-breathing fish the increase in surfacing entails an increase in activity and is 
usually associated with an overall increase in total VO*. Thus it would appear that the following 
sequence is involved after the addition of a pollutant to a natural water. First it produces some 
mechanical interference with gill function leading to hypoxia which stimulates an increase m 
surfacing and this greater activity results in even greater overall oxygen uptake. This is a simple 
example of positive feedback which is well known to respiratory physiologists when animals are 
subjected to stressful situations whereby their responses may often result in further demands on 
the system. In many species, however, there comes a time when the fish no longer attempts to 
maintain respiratory homeostasis (Hughes 1965) but becomes more dependent upon the environ¬ 
mental conditions. Indeed there is good evidence that such a response vanes between individuals 
of the same species and possibly determines which particular fish succumb during stressful 
situations. 

General Comments 

As with any scientific methodology, it is important to be aware of the pitfalls involved m their 
use in particular applications such as those described here in relation to bioindicators. Most 
particularly there is the problem of differences between conditions under which any laboratory 
testing is carried out and those m the field situation Careful attention must be paid to this ques¬ 
tion before any method is put into wide application especially as it may be used by people who 
do not completely understand the basic methodology Difficulties sometimes arise because methods 
that have been used very much in mammalian toxicology are directly applied for use with fish and 
other organisms, when m many instances many modifications are required For example, in 
haematological studies, fish blood clots vary much more readily than mammalian blood and 
cannot be kept stored without significant changes many of which are related to the nucleated 
KBC’s. In such testing the inter-relationship with man’s own experience is also important in 
making decisions as to what concentration of a toxic substance is to be considered hazardous 
For example, a number of tests have been earned out showing the accumulation of heavy metals 
in fish tissues. The decision as to what constitutes a hazard may be related either to the concentra¬ 
tion which is deleterious if the fish are consumed by humans, whereas in other instances it is more 
important to know what concentration interferes with the normal life of the fish 

Whatever testing is decided upon it must be relevant to the particular situation and once 
again the application of techniques such as measurement of haematoent value may appear very 
scientific in terms of human medicine but m the case of fish a particular toxicity may produce no 
change in haematocrit whereas testing for some specific enzyme within the erythrocyte would 
reveal striking interference with normal metabolism 

Finally, whatever tests are decided upon it must always be realised that a test which is appro¬ 
priate in one particular situation may not necessarily be appropriate when applied m another 
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The many differences between waters of temperate and tropical regions of the world is an obvious 
Avair.pl.. As mentioned above the latter contain many air-breathmg fish and from a respiratory 
point of view this immediately means that their basic physiology has significant differences I am 
sure that comparable examples are present not only in comparative physiology but throughout 
the whole spectrum of biological studies which may be useful for chosmg suitable biomdicators. 

Many different questions arise when it comes to deciding which particular type of biomdicator 
is most appropriate. It is one of the purposes of this meeting to try to lay down some sort of 
guidelines for the ways in which we can approach this problem, but until we know the range of 
possibilities obviously we cannot make any sensible decisions I am sure we all appreciate the 
initiative of the Indian National Science Academy in helping us to make a beginning with this 
important project One important advantage of the comparative physiological approach is that 
many responses are immediately detectable in contrast to the far longer time course before species 
composition and other ecological indicators manifest themselves 
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Introduction 

Biomomtonng is an important and reliable method for assessing the water quality (Cairns 1970, 
Warren 1971, Tarzwell 1971, Knshnamoorthy et al. 1978, Mall et al. 1979, Krishnamoorthy & 
Sarkar 1979, Bilgrami & Siddiqui 1983). Both phyto- and zooplankton have been used as indicators 
of unhealthy water (Palmer 1969, Singh etal. 1970, Fitzgerald 1971, Miller & Maloney 1971). 
Some strains of bactena are also good indicators of water quality, relative concentration of 
Escherichia coli group m water is a valid evidence for determining the load of faecal matter Most 
of our water resources including the nver Ganga are getting gradually polluted due to addition 
of foreign materials. The water quality of this river at specified points in Bihar was assessed 
through bactenal counts, species diversity mdex of phytoplankton and by study ing the 
associations of algae, zooplankton and bacteria. 

Materials and Methods 

Samples were collected from Rajapur Ghat, Patna; Industrial Complex, Mokama and Adampur 
Ghat, Bhagalpur. Sampling site-I was upstream; this represented die clear zone. Sites II and III 
represented the mixing and downstream points (300 metres downstream) respectively. 

Water samples collected in sterilized narrow-mouthed bottles were immediately placed in 
ice boxes Standard methods were used for determining the MPN of total cohform, faecal coliform, 
faecal streptococci and E. coli group of bactena (Sirokra & Cullimore 1969, APHA 1975). 
Plankton were collected with bolting silk net No. 21 (having 80 meshes/sq mm) and their density 
was determined (Edmondson 1974). Average range of species diversity mdex from different sites 
was computed (Shannon & Weaver 1963). Method proposed by Palmer (1969) was followed for 
determining the pollution index of algal species. 

Results and Discussion 

Concentration of cohform and faecal bactena was considerably high at site-II, both at Patna 
and Bhagalpur indicating thereby that untreated sewage from the towns was mainly responsible 
for high concentration of coliform population. In potable water more than 100/100 ml 
concentration of cohform organisms is considered as unsafe (WHO limit) The study showed 
total coliform. 4,800-3,200,000 and 680-2,40,000; faecal cohform 3,200-1,15,000 and 
680-70,000; faecal streptococci 240-9,600 and 350-4,600, E coli 1,840-1,84,000 and 520-48,000 
per 100 ml at Patna and Bhagalpur sites respectively (figure 1) Escherichia coli, Aerobacter 
aerogenes, A. cloacae, Staphylococcus aureus, Streptococcus faecalis, Proteus vulgaris and 
Salmonella sp. were some of the common faecal bactena to be encountered at sites-Q and III 
The physico-chemical analysis of water at these sites showed higher concentrations of organic 
matter, potassium, calcium, magnesium, sodium, nitrate nitrogen and phosphate phosphorus, etc. 
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Figure 1 Annual range of indicator bacterial population at sewage disposal sites 

as compared to site-I (clean water). Lesser bacterial population in comparatively cleaner 
water clearly reflects that coliform and other bacteria are the best indicators of polluted 
environment. 

Maximum range of species diversity of phytoplankton was recorded at upstream points 
l e, site-I (3.2587-4.4012 and 3 0220-44507 at Patna and Bhagalpur, respectively) This index 
sharply declined at site-II (0.7591-0 8116 and 0 6933-0 8376) At site-III (downstream of 
polluted site), the species diversity index ranged from 1 3423 to 2 4794 and 1 6640 to 2 7605 
at Patna and Bhagalpur respectively. Wilhm and Dorns (1966) have proposed a relationship 
between species diversity and pollutional status of the sampling sites and defined the zones as 
follows: 

Species diversity Condition 


>3 

Clean water 

1-3 

Moderately polluted 

<1 ' 

Heavily polluted 
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Staub et al. (1970) proposed another scale of pollution in terms of species diversity (H) which 
is as follows: 

H Condition 

3.0-4.5 Slight pollution 

2.0-3.0 Light pollution 

1.0-2.0 Moderate pollution 

0.0-1.0 Heavy pollution 

Site-I of Patna and Bhagalpur falls under clear water zone as per the scale of Wilhm and 
Dorns (1966) as its species diversity values were <3.0. However, according to the scale of 
Staub et al (1970) it would be reckoned as slightly polluted zone. Both the scales, however, clearly 
suggest that site-II was heavily polluted whereas site-m of both the stations were moderately 
polluted. Therefore, a narrow range in species diversity of phytoplankton is a reliable biological 
proof of high pollutional load due to industrial/urban effluents. 

In all, SI algal species were recorded in this range, out of which 12 were confined to sewage 
disposal sites. These included Oscillatoria chiorina, O. limosa, O. tenuis, Microcystis aeruginosa, 
Chlorella vulgaris, Closterium acerosum, Ankistrodesmus foJcatus, Scenedesmus quadricauda, 
Stigeoclonium tenue, Synedra ulna, Euglena acus and E. viridis. Pollution index studies showed 
total absence of pollution tolerant algal species at site-I reflecting their incapacity to grow in fast 
flowing clean water. Some of these were recorded at site-HI, down the stream, having pollution 
mdex, 3-8 and 3-10 at Patna and Bhagalpur, respectively. This suggests that the zone is 
moderately polluted. At site-n the index ranged from 7 to 13 and 10 to 18 respectively. 

In all, 31 species of zooplankton were recorded, the chief being the members of Rotifera, 
Cladocera and Copepoda. Protozoans and larval forms of higher insects and helminths were 
lesser m frequency At site-H (both at Patna and Bhagalpur) some common zooplankton like 
Arcella sp., Keratella cochlearis, Brachionus plicatilis, B. quadridentata, B. calcyflorus, Filinia 
sp., Rotatoria rotatoria and Moina brachiata were present in higher concentrations showing 
their pollution tolerance capacity. These species were however, absent in upstream locations (i.e., 
site-I) and infrequent at site-III. Moina brachiata was quite frequent in the marginal waters 
at polluted sites of Bhagalpur. The concentration of this species was very heavy in those areas 
where activity of cattle was intense and environment was coprogenous. 

Sewage water (site-II) was richer in organic matter, calcium, magnesium, sodium, 
potassium, nitrate nitrogen, phosphate phosphorus and chloride concentration Density of some 
specific forms of algae and zooplankton reflects their high requirement and better capacity of 
accumulation of these elements The pH and the dissolved oxygen contents at this site were 
low reflecting thereby that pollution-tolerant phyto- and zooplankton thrive well m acidic 
environment with low oxygen budget. 

For designing any biomonitonng programme, it is essential that more than one test be per¬ 
formed and the selection of indicator species be such that they are easily identified and involve 
less cumbersome laboratory procedures. Due to flowing nature of river water, it is difficult to 
draw a rigid line of demarcation between the species found in clean and polluted waters On the 
basis of our work we, however, propose the following indicator chart for biomonitoring of water 
quality which has heavy concentration of urban effluents and faecal material: 
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Tests 

Heavily polluted 

Comparatively cleaner 

Visual observation 

(Heavy concentration of nutrients, 
acidic pH, low D.O*) 

Light-pink colonies of Moma brachiata 

(Normal nutrients, neutral pH, 
high D.0 2 ) 

Such colonies are not encoun¬ 
tered 

Microscopic examination 

Heavy concentration of: 

Oscillatoria chlorine , 0 limosa, ' 

0 . tenuis, Microcystis aeruginosa, 
Chlorella vulgaris , Clostenum acerosum, 
Ankistrodesmus falcatus, Scenedesmus 
quadricauda, Synedra ulna, Euglena 
ecus, R virUhs, Rotatoria rotatoria 

These species are usually absent 

p 

Merismopedia glauca, Phornu• 
dium calcicola, Hydrodictyon 
reticulatum are common 

MFN of bactena 

1,15,000-33,000 
total colifonn/100 ml 

680-81,000/100 ml 


67,500-1,84,000 

R coti! 100 ml 

520-64,00/100 ml 


The data on species diversity of phytoplankton at Mokama indicate that at site-I (clean water) 
the species diversity ranged from 3.182S to 4.4212 (Wilhm & Dorns 1966) while at site-H (Bata 
Shoe Factory and McDowell Distillery) the species diversity was very narrow, indicating a heavily 
polluted zone. The pollution indicator algal species in this zone comprised Ankistrodesmus 
falcatus, Stigeoclonium term, Chlorella vulgaris, Scenedesmus quadricauda, Oscillatoria limosa 
and Synedra ulna. 

It can be concluded that site-II at all the three places i.e., Patna, Bhagalpur and Mokama, 
was heavily polluted due to discharge of untreated municipal and industrial wastes which 
enrich die organic and nutnent load at these sites, change the pH and reduce D.O, level. These 
conditions are highly conducive for multiplication of pollution-tolerant plankton. High organic 
load is biologically characterized by low species diversity, high indicator bacterial counts and 
high concentration of pollution tolerant plankton. 
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Evaluation of the Use of Bioindicators in Monitoring 
of Aquatic Ecosystem 
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Botany Department, Ewing Christian College, Allahabad 


Aquatic Ecosystem and Biological Indicators 

Pop ulation growth, urbanization, industrialization, land development and greater stress on food 
production have all led to an increase in the pollution of aquatic ecosystem. In order to be able 
to reach a reasonable judgement about environmental impact, the monitoring programmes are 
^gwnriai The living or ganisms, used as a bioassay material, enable us to evaluate the degree to 
which a substance that has been (or will be) introduced into the environment, will be toxic, and 
its impact on the quality of an ecosystem. The research on bioindicators, thus essentially involves 
a study of biological effects on the ecosystem. The use of bioindicators has two distinct 
advantages (Ravera 1975); 

(/) The organism does not react to a single factor, but to the entire environmental situation. 

(n) The reaction of the organism is the cumulative result of preceding and present 
environmental conditions, as opposed to chemical analysis, which reveals only the 
current environmental condition. 

In choosing the best bioindicators, several criteria must be evaluated. It is necessary 
that the user knows the physiology and ecology of the organism before employing it as an indicator 
organism, because then only will it be possible to draw conclusions regarding the response of the 
organism to the chemophysical situation. Important criteria for the selection of an organism have 
been discussed earlier (Vik 1972) 

(i) The method employed should be well known, m common use or easy to learn, be easy 
to repeat, be of sufficiently high precision for the relevant information and be easy to 
automate, 

(i'O The cost of collection, processing and analysis must be acceptable, 

(n't) The organism should provide the possibility for biological casual analysis, 

(iv) The organism should provide the possibility for extended series and retrospective 
studies; 

(v) A parameter should be specific in its demand on environmental factors, 

(vt) The organism should have a known reaction to certain pollutants, 

(vu) The possibility for prognosis must be available; and 

(viti) The organisms should give results sufficiently quickly. 

Although, a lot of information has been obtained from the laboratory experiments, yet 
discrepancy in the results is quite frequent. The following may be some of the reasons for the 
discrepancies m results: 

(0 Different laboratory conditions during the period of acclimatization and experimentation, 



Bioindicators m Monitoring Aquatic Ecosystem 147 


(n) Differences in the physiology and genetical characters of the test organism: and 

(in) Differences in data-handhng and presentation of the results. 

Standardization of techniques, therefore, is of utmost importance as it renders comparison 
of the results easier. 

However, keeping in mind the various limitations that one comes across, the choice of species 
pwi CT g es out to be the fundamental problem of research on bioindicators. It is important 
to select such species as can be easily reared and acclimatized in known environmental 
conditions. 

Bacteria as Indicators 

Relative number of members of the Coliform group of bacteria is generally used for determining 
degree of pollution by excreta of warm-blooded animals, including man Different workers have 
used different bacteria to assess the quality of water (Persoone & DePauw 1968, Skulberg 1959, 
Berger & Bnngmann 1953). The chlamydobactena Sphaerotilus natn, which may form grey mate 
on the bottom, are one of the best bacterial indicators of strong urban sewage pollution in 
running water. 

The degree of sewage pollution is normally measured by plating and counting the Escherichia 
coil which forms characteristic colony on agar plate media. Differences up to 90% have been 
observed when the number of total bacteria as well as coliform number per ml of the sample 
examined with the spread plate and four plate techniques were compared (Chadhaetal. 1979). 

It was suggested that whereas either of the two techniques may be used for total bacterial count, 
for the purpose of coliform count only the spread plate technique be adopted. 

Phytoplanktonic Organisms 

Increased fertility (eutrophication) causes the greatest increase of aquatic organisms in the 
ecosystem (Skulberg 1964, Smyth 1968, O’Sullivan 1971). The number, types and distribution ' 
of organism in an aquatic habitat are the basic components of the community structure and reflect 
the environmental conditions of the life support system (Chung 1979) The best indicators are 
usually bottom species, but not true benthic organisms. The latter, generally, have too long a 
developmental penod to serve as good indicators Plankton, on the other hand, can easily escape 
unfavourable conditions by moving to other areas (Wielgolaski 1975). In fresh water, 
phytoplankton are generally a useful base for studies on eutrophication and urban pollution, but 
there is often no clear distinction between benthic and planktonic organisms. It has been 
suggested (Goodnight 1973) that though valuable as indicators of pollution, algae should be 
considered as member of the total community, only then can the absence or presence of certain 
species be considered as reliable for the indication of pollution. Some algae species are tolerant 
to undecomposed sewage and other related types of organic wastes, e g Capsosiphon fulvescens 
(Klavestad 1967), which may be regarded as a good sewage indicator The diatom (immunity, 
base of the aquatic food chain, undergoes significant changes m the presence of trace metals and 
such other alterations in water chemistry (Patnck 1978) and as such maybe a good indicator of 
stream conditions (Patnck 1955) But the identification of 300 odd species is a great problem 
besides problem of using phytoplankton organisms as water-quality indicators due to their 
delicate and fragile body and difficulties m preservation 
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Fishes as Indicators 

Fishes have been mostly used as indicator organism because of the sufficient information already 
gathered about their food habits, movements, habitat preferences and life history. However, they 
present certain disadvantages, since responses to some toxic materials are reported to vary with the 
size of the fish (Cairns & Scheier 1959), e.g the eggs of some species show different response 
compared to the adults of the same species (Cairns et al. 1965). If we restrict ourselves to one 
or more species of a single taxonomic group, it will not be possible to reach acceptable valid 
conclusion about the possible effects of pollutants on the whole aquatic community, which 
consists of different species responding differently to the pollutant; e.g it has been shown 
(Wilberg 1969) that the sensitivity of algae to cadmium salt is much greater than that of fish, 
and molluscs are much more resistant to organophosphonc pesticides than the arthropods. 
Their comparatively small number is another factor against the use of fishes as indicator 
organism, as also is their mortality. 

Other Aquatic Animals 

Molluscs, rotifers, aquatic worms and insects have often been suggested as indicators of water 
quality. While mussels, freshwater clams are found only in unpolluted streams, molluscs 
vary widely in their response to organic pollution, e.g. individuals of the genus Physa typify 
septic area and the sphaends are able to tolerate low oxygen concentrations. 

An association of gill breathing larvae of Plectoptera (Stonefly), Tnchoptera (Caddis fly) and 
Ephemenda (May-fly) indicates relatively unpolluted oligotrophic conditions (Ehassen 1952, 
Skulberg 1967, Hagen & Langeland 1973) Eutrophic conditions are indicated by the presence 
of chironomid larvae (Eliassen 1952) and an increase in the number of Rotatoria species 
(Langeland &Lindstrom 1972, Holtan et al. 1973). Organically enriched water bodies or rivers 
highly polluted with sewage have plenty of such forms as have special adaptations to use 
atmospheric oxygen, e g, Culex pipiens larvae, Bristalis bastardi and Dapknia cristata 

Standardised techniques for the study of the behaviour of organism in contact with 
pollutants can provide us with instantaneous and highly sensitive forms of bioassay 

The response of organism to the pollutant may be of the following two types: 

(i) Those that deal with acute/short term effects. 

(u) Those that deal with chronic effects extending usually to over more than a week. 

Short term tests have the advantage of simplicity and the ease of maintaining environmental 
conditions as constant, but the information is not adequate. Long term experiments, on the other 
hand, axe more difficult to handle and hence cannot be used for momtonng purpose on a routine 
basis, but they are useful in the sense that the information obtained is highly valid and the picture 
thus obtained on the direct and indirect effects of pollutants on the co mmuni ty is more clear. 

Low solubility of the toxic substances, their absorption by the equipment, chemicophysical 
instability (Zinno et al. 1972, Jemelov 1968) and degradability during the experiment are some 
of the experimental difficulties faced by an investigator. 

Studies on the effects of pollutants mixture, rather than a single pollutant, on a test 
organism are advantageous, because the effects produced may be synergistic, antagonistic or 
merely additive (Jones 1938, Sprague et al. 1965, Merlim et al. 1971a, 1971b and Calaman 
et al. 1972). 

The above methods of typifying water-quality by using individual organisms as water quality 
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indicator, have many pitfalls that can lead an investigator to conceptual and/or experimental 
errors. It is, therefore, suggested that indicator organism should be used critically and with 
caution. Further, as many organisms as possible should be included m the evaluation. 

In conclusion, it may be observed that research on bioindicators is easily justified as it sheds 
light on the effects of toxic substances on the community and that the object of any study on 
biomdicator must be to gam knowledge of effects at the level of population and communities 
because except m the case of man, the protection of organism does not aim at an individual but 
at the entire community. 
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Use of Certain Enzymatic Activities in Tissues of the Air-breathing 
Indian Teleost, Channa punctatus, for Bioassay of Ammonia 
in the Surrounding Water 

ASIT BARAN DAS and MOHAN BRUESB ARYA 
Laboratory of Environmental Biochemistry, Department of Zoology, School of Life Sciences 
University of Visva-Bharati, Santiniketan 731235 


Introduction 

Assay of enzymatic activities in human serum has been used successfully in clinical biochemistry 
for detection of the site and the extent of organ-injury. This has recently emerged to be an impor¬ 
tant diagnostic procedure m the field of environmental toxicology. Serum and tissue enzymatic 
levels m teleostean fishes like salmon and trout have also been used as tools m diagnosis of the 
pathological state of fish and the water quality (Bell 1968, Racicot et al 1975, Wieser & Hinter- 
leitner 1980, Nemcsok et al 1982). The present investigation has Wen aimed at obtaining further 
information on the enzymatic responses of a freshwater subtropical (Indian) air-breathing teleost 
exposed to different sublethal concentrations of ammonia in the surrounding whter for varying 
periods of time. 

Ammonia is not only a common toxic component of many industrial effluents discharged into 
freshwater bodies like rivers and lakes, but it is also produced' from a number of nitrogenous 
manures added to agricultural land, wherefroih it is washed'into neighbouring water bodies. 
The teleostean fishes being ammonotelic are often subjected to severe ammonia-stress, particularly 
in a stagnant shallow water-body during the partial drought of the tropical summer months. 
The Indian air-breathing teleosts are found abundantly in the swampy areas of the eastern and 
southern India; and the common snake-headed green murrel, Channa punctatus (Bloch), is fairly 
tolerant to ambient ammonia, the LC M value being almost 100 ppm '(Arya 1979), in contrast 
to 8 ppm for Salmo 10 ppm for Dicentrarchus (Guerin-Ancey 1976) and 40 ppm for Carassius 
Preliminary observations on Channa in this laboratory (Arya 1979) have revealed some adaptive 
changes like an immediate inhibition of the level of ammoma-N excretion, followed by a gradual 
restoration of this level and a marginal rise in urea-N excretion, in response to different sublethal 
concentrations (45-75 ppm) of ammonia. The tissue-levels of ammoniaand urea exhibit asignificant 
accumulation in this fish treated with only higher concentrations (60-75 ppm) of ammonia 

The role of glutamate dehydrogenase in the nitrogen metabolism vis-a-vis the energy meta¬ 
bolism of a cell has been well recognised (Hochachka & Somero 1973, and Frieden 1976). Thus 
the hepatic glutamate dehydrogenase (GDH) has been chosen for assay in ammonia-stressed 
Channa punctatus. 

Another enzyme which has been selected in the present work is the glutamine synthetase (GS), 
which helps m detoxification of ammonia (Wu 1963, Wilson et al 1969, Mehrlefi Bloomfield 1974, 
Wilson & Fowlkes 1976, Webb & Brown 1976, Walton & Cowey 1977, Webb 198(7, Webb & 
Brown 1980). 
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W h i l e the GS activity has been detected in several tissues of elasmobranch and tele* 
os tean fishes, like Squdlus, Raja, Anguilla, Ictalurus and Cyprinus (Lund & Goldstein 1969, 
Pequin et aL 1969, Webb & Brown 1976, 1980, Wilson & Fowlkes 1976), Wu (1963) had failed 
to detect the activity in the liver of Lepomis and Pomoxis sp. and thus postulated that the level of 
glntqnnn* Synthetase activity in brain of fish was adequate for the entire bodys demand of gluta¬ 
mine. Very recently, Waarde & Kesbeke (1982) have demonstrated remarkably higher (more than 
ten times) activity of GS in braid over the level in muscle, liver, gill or kidney of goldfish. In the 
present investigation also, the GS activity could not be detected in the entire hepatic tissue removed 
from even a large specimen of Channa punctatus, while the enzymatic activity was significantly 
higher in brain (Arya 1979). 

Materials and Methods 

The fishes weighing between 40 to 60 g, irrespective of sex, collected from the local fish-market, 
were maintained in the laboratory on fish food (Bird & Fish Food Manufacturers, Bombay, 
India), supplemented with living earthworms and chopped goat-liver. The feeding was suspended 
at least 48 hr prior to the treatment of the fish with different sublethal concentrations (30, 45, 60 
and 75 ppm) of ammonia (BDH:AR grade) for different periods of time (7,14,21 and 28 days). 
The control fishes were also kept without food for the same periods of time The aquarium-water 
(30 L) was changed every day for both control and ammonia-stressed fishes. No detectable loss of 
ammonia occurred due to diffusion (at pH 8 0 - 8.5) within 24 hr 

The supernatants of the homogenates of liver (1 %) and brain (10%) removed from a single 
fish, centrifuged at 2,500x g (30 min) in a cold room (6-8°Q, served for assay of GDH and GS 
activities respectively. The homogenization medium, 0 25M sucrose, was buffered at pH 7.0 with 
0.05M phosphate for GDH or 0.05M tris-HCl for GS. The optimal conditions for assay of the 
enzymes (following the methods of Strecker 1955 for GDH and Mecke 1974 for GS) were estab¬ 
lished, after checking for the linearity with time and dilution of tissue-extract The protein concen¬ 
tration of tissue-extract was estimated according to Lowry et al. (1951), using bovine serum albu¬ 
min as the standard, and the specific activities at substrate-saturating condition (“V m „”) were 
expressed as units of 0.001 AOD/nun/mg protein and pmole Y-glutamyl-hydroxamic acid (GHA) 
produced/mm/mg protein for GDH and GS, respectively. All the chemicals were of analytical 
reagent grade and purchased froip different sources like Sigma Chemical Co, St Louis, USA 
(NAD, sodium glutamate, hydroxyl ammonium chloride and sodium salt of adenosine diphos¬ 
phate), E. Merck, Darmstadt, Germany (tns-aminomethane and disodium hydrogen arsenate), 
Koch Light Lab., Colnbrook Bucks, England (glutamine), and BDH-Glaxo Lab., Bombay, India 
(all other chemicals). 

Results 

While 30 ppm of ambient ammonia is ineffective m causing any alteration of the hepatic GDH 
activity of Channa punctatus, 45-75 ppm of ammonia produces a progressive diminution in the 
activity (V—) of this enzyme (figure 1), especially during the fourth week of treatment 
(figure 3). A lag period of 7-14 days is required for detection of this enzymatic response The 
maximum reduction of the enzymatic activity obtained with 75 ppm of ammonia m the surround¬ 
ing water is almost 80%. 

30 ppm of exogenous ammonia is also an ineffective concentration with respect to the change 
in brain GS, although a general trend of enhancement in the maximal catalytic activity of this 
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Figure 1 Alteration in the level of hepatic glutamate dehydrogenase activity due to ambient ammonia 

enzyme can be observed when the fishes are exposed to higher concentrations (45-75 ppm) of 
ammonia for more than two weeks (figure 2). Thus, a lag phase of 14 days is noticeable m modu¬ 
lation of the enzymatic activity by ambient ammonia. When the data of only 28 days treatment of 
the fish with ammonia are plotted against the concentration of ambient ammonia, a gradual 
increase in the OS activity can be noticed up to 60 ppm, beyond which an apparent steady state 
is attained (figure 3) The maximal enhancement of the enzymatic activity is almost 40% when 
fishes are exposed to 60-75 ppm ammonia in the surrounding water for 28 days 
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Figure 2 Alteration in the level of bram glutamine synthetase activity due to ambient ammonia 
Discussion 

A significant increase of GDH activity m the bram stem and a moderate increase of the enzyme 
activity in cerebral cortex and liver were exhibited m mice due to intrapentoneal administration 
of NH 4 C1 (200 mg/kg) by Sadasivudu et al. (1977). Such ati enhancement of GDH activity signi¬ 
fies teleologically an augmented fixation of ammonia as glutamate. However, the hepatic GDH 
activity was found to be accelerated ten times m Xenopus Ictevis , due to its exposure to 5mM 
NH 4 C1 for 28 days, while no change could be detected m the renal GDH activity (Janssens 1972) 
This difference was explained on the basis of the postulation that the hepatic enzyme was primarily 
concerned with utilization of ammonia (reductive amination of a-ketoglutarate and the resulting 
formation of glutamate), while the renal enzyme (a different protein) was an integral part of the 
transdeamination machinery”. Thus, if the hepatic GDH in Channel punctatus serves as the 
principal route by means of which ammonia production occurs through “transdeammation” 
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Figure 3 Alteration in the levels of hepatic glutamate dehydrogenase and brain gutamine 
synthetase activities after 28 days of exposure of the fish 

(Braunstem 1939), teleologically it would be advantageous for the enzymatic activity to be dimi¬ 
nished when the fish is in an ammonia-rich environment This would reduce ammoniogenesis in 
the hepatic tissue of the already ammonia-stressed fish. Besides, a decrease of the rate of GDH- 
catalysed reversible reaction (amination-deamination) might have a “sparing effect” on both 
a-ketoglutarate (due to decrease of its reductive animation) and glutamate (due to decrease of its 
oxidative deamination), depending on the relative values of K m of the enzyme for these two 
substrates and the ratio of the concentrations of these two metabolites in the hepatic cell. Accu¬ 
mulation of a-ketoglutarate might have a “sparking effect” on the operation of the TCA-cycle 
and this might meet the energy demands for the detoxification of ammonia (ATP-dependent 
biosynthesis of urea or glut ami ne) In order to confirm this hypothesis more information is 
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needed concerning the different pathways of ammomogenesis (roles of amino acid oxidases, gluta- 
mmases and nucleotide deaminases (yis-a-vis the role of GDH m liver, and also regarding the 
levels of various metabolites (like NAD + /NADP + , ATP/ADP, GTP/GDP, ITP/IMP, o-ketoglu- 
tarate/glutamate, etc) in the hepatic cell modulating the kinetic and regulatory properties of GDH 
in Channa punctatus 

However, the fact that the activity of hepatic GDH in this fish decreases with increasing con¬ 
centrations of ambient ammonia, cannot be a mere coincidence The data of Janssens and Cohen 
(1968) on the activities of hepatic GDH in the aestivating and the unfed control lungfish (Proto- 
pterus] ) reveal about 40% depression due to aestivation (11 2 x 10 -2 units in the control vis-a-vis 
7.7 x 10" * units m the aestivating fish), although the authors did not attach much importance to 
this adaptive response during aestivation. It is quite likely that, as in an ammonia-stressed Channa, 
so also m an aestivating Protopterus , a reduction of hepatic GDH activity leads to a lowering of 
the rate of ammonia production through a depression of GDH-catalysed deamination The exact 
molecular mechanisms triggering the enzymatic changes in the two fishes under two different 
environmental stress situations remain to be explored through future investigations 

A perusal of the available literature reveals an utter paucity of investigations on the effect of 
ammonia-stress on the GS activity in the tissues of fish. Pequm and Serfaty (1966) reported that 
prolonged administration (intravenous) of L-glutamate or an elevation of the blood ammonia 
level causes a diminution of branchial ammoma-N excretion, a decrease of hepatic glutamate 
content, and an increase of plasma total free amino acid and glutamine concentrations m Cyprmus 
carpio, suggesting the presence of GS activity in liver (its induction by glutamate/ammonia 7 ). 
Dietary dieldnn could cause an enhancement of brain GS activity of the rainbow trout, apparently 
m response to a greater ammonia load (Mehrle & Bloomfield 1974). Obviously the preliminary 
investigation conducted on Channa punctatus m the present work is the first direct experimental 
demonstration of augmentation of the brain glutamine synthetase activity in a fish by increasing 
ammonia concentration (45-60 ppm) of the surrounding water 

Glutamine may be regarded as a compound synthesized as a protective mechanism to 
maintain a low concentration of ammonia m tissues (Cohen & Brown 1960), and the various 
aspects of the role of glutamine metabolism in regulation of ammonia level and nitrogen excretion 
in different organisms have been reviewed by Prusiner and Stadtman (1973) Hence, the enhancement 
(35-40%) of the GS activity in brain of Channa in a sublethal ammonia-rich environment (45-75 
ppm) can help in the detoxification of the toxic ammonia by conversion into an important meta¬ 
bolite, glutamine, m this vital tissue of the fish The glutamine thus formed can be further meta¬ 
bolized m various directions, towards purine biosynthesis (and ultimately ureogenesis through 
uricolytic pathway?), or pyrimidine formation (through carbamyl phosphate synthetase and aspar¬ 
tate transcarbamylase catalysed reactions’), or urea biosynthesis (through substitution of ammonia 
by glutamine, catalysed by a CPS-isoenzyme’), or glutamate synthesis (from glutamine and 
«-ketoglutaiate, catalysed by glutamate synthetase 9 ), or production of various biogenic amines 
in brain (Campbell & Goldstein 1972), winch need to be explored through future investigations 
Besides, further experiments alone can reveal the causo-mechanism of modulation of the enzyme 
activity m vivo m the fish brain by increasing concentrations of ammonia m the surrounding water 
The highlight of the present work, however, is the indication of the possibility of utilizing liver- 
GDH and brain-GS activities of Channa punctatus for bioassay of ambient ammonia in the con¬ 
centration range of 45-75 ppm Figure 3 depicts clearly the linear responses of the two enzymatic 
activities (enhancement of GS and diminution of GDH in brain and liver, respectively) assayed m 
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the fish exposed to vatying concentrations of ammonia m water for 28 days It is noteworthy in 
this connection that although other enzymes like the hepatic argma, hepatic and muscle trans¬ 
aminases (glntamate-oxaloacetate and glutamate-pyruvate transaminases) exhibit adaptive altera¬ 
tions m ammonia-stressed Channa (as observed m this laboratory, the patterns of such changes 
are not directly proportional to the concentration of the toxicant), and hence are of no use m 
the development of bioassay systems. 

The results obtained in the present investigation also suggest that 30 ppm of ammonia in 
water may be regarded as a “safe level” (“threshold limit value” or TLV) of the toxicant causing 
no apparent change m the enzymatic activities of Channa punctatus . Further, increase of the 
ambient ammonia concentration is likely to dram the metabolic energy towards detoxification of 
ammonia for the survival of the fish. 
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Rotifers as Bioindicators of the State of Aquatic Environment 

N C DATTA and B K BANDYOPADHYAY 
Fishery and Ecology Research Unit, Department of Zoology, 

University of Calcutta, Calcutta 700019 


Introduction 

The rotifers are almost universally present in the aquatic systems, especially m the freshwater 
biome, and have attracted global attention as indicator of water quality. Berzins (1949), Pejler 
(1957), Radwan (1976), Hakkari (1978) and Maemets (1983) characterized the rotifer taxa accor¬ 
ding to their kinship to the trophic status of the water bodies. The population of Brachionus 
plicatilis Muller, a typically halobiont rotifer, in relation to some common li miting abiotic factors 
such as temperature, transparency, pH, alkalinity, salinity, dissolved oxygen and its percent 
saturation, dissolved organic matter and the nutrients like phosphate, nitrate and silicate is 
reported herein. The study aims at critically examining the status of B.plicatilis, as an indicator 
of eutrophic nature of the system studied. 

Study Area and Methods 

The present work was carried out in the brackish water impoundment situated at the tidal mud 
flat of the river ‘Bidyadhan’ of Hoogly-Matlah estuarine system, Sunderbans, West Bengal from 
January 1980 to June 1982. Samples of plankton were collected fortnightly by filtering 100 1 of 
water randomly through a plankton net (made of bolting silk No. 25 with 0.064 mm pore size) 
and preserved m 4% formalin for the qualitative, quantitative estimations. The enumeration of 
the planktonic taxa was done (Welch 1948). Physicochemical analyses of water for different 
parameters were done following APHA (1971). Primary productivity was estimated by using Light 
and Dark Bottle Method of Gaarder and Gran (1927). Statistical analyses of the data were done 
at the Regional Computer Centre, Jadavpur, Calcutta. 

Results 

Abiotic Parameters 

The range of water temperature in the impoundment was 21.5 to 330°C Due to low depth of 
the water column, frequent tidal water ingress as well as egress and constant wind effect the water 
remains always turbid, which greatly attenuates the light penetration to a considerable extent. 
The maximum transparency (24 cm) was obtained m January 1981 and the minimum (8 cm) in 
August 1980 The water was alkaline, with pH range from 8 1 to 8 9 

Dissolved oxygen content of water was always high and it ranged from 5 18 to 12.24 mg/1. 
The percent saturation of O* in relation to water temperature was calculated and the range was 
from 61 5 to 151.5, the minimum and the maximum values being in the months of February 1981 
and November 1980, respectively 

Generally, the lower values in salinity were recoided in monsoon, which is mostly due to 
precipitation, and the trend was higher during winter and summer. The range observed was from 
8 2 to 31.6 g/1 (mean value 19 8 g/1) during the study period 
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The carbonate alkalinity varied from 0 to 31 5 mg/1, whereas the bicarbonate varied from 
75 0 to 163 8 mg/ 1 The maximum and minimum values for carbonate alkalinity were obtained in 
April and July 1981, respectively, and for bicarbonate alkalinity in November 1981 and February 
1982, respectively. The phosphate content m water varied from 0 005 to 0 66 mg/1, the average 
being 0.275 mg/1. Nitrate-nitrogen varied from 0 028 to 1.88 mg/1 and the average noted was 
0.57 mg/1 

Silicate content in water varied from 0 05 to 6 3 mg/1, the average being 3 08 mg/1 The 
minimum value was obtained in February 1981 and the maximum in November 1981. Dissolved 
organic matter (DOM) is one of the important constituents m brackish and estuanne systems 
and its range was from 2.3 to 7.65 mg/1, the average being 5.45 mg/1. The maximum DOM 
was obtained m May 1981 and the minimum m November 1981. 

Biotic Barometers 

The zooplankton obtained are being enumerated numerically and expressed m units per 
litre. For convenience, the data obtained are transferred to their respective log values 
(figure 1). Among zooplankton, rotatonan community and B. plicatihs m particular, have 
been given special emphasis in the present study From the qualitative enumeration, it has been 
observed that B plicatilis is the most important and the only dominant species among rotifers. 

In general, the rotifers showed four distinct peaks during the investigation period. In 1980 
the first peak was m April, the second in September and following the latter month a sharp 
decrease in population till April 1981. Since then, an increasing trend was noticed and the peak 
obtained again in September 1981 Subsequently, gradual decrease m population was noticed 
with a sudden drop in January and total absence in February 1982 It may be inferred that the 
peaks and troughs of the rotifer community are mainly due to the fluctuation of the population of 
B. plicatilis , although peaks of the species were noted thrice instead of four: The first in September 
1980, the second again in September 1981 and the third in April 1982 The absence or the least 
presence of the species was noticed during January-March, 1980; March and April in 1981, 
and in 1982 the months were January, February, May and June 

The simple correlation coefficient between the physico-chemical propeities and the rotifers 
as well as Brachionus plicatilis was computed and significant relationship was obtained with 
temperature, transparency, salinity, dissolved oxygen and its percent saturation, phosphate and 
nitrate Among the various physico-chemical factors transparency, salinity and phosphate, exert 
relatively pronounced influence on the abundance of both rotifer community as a whole as well 
as B. plicatilis. The regression was significant at 5% level 

Discussion 

Rotifer community in Indian waters is very common, of which, the genus Brachionus deserves 
special mention (Sharma 1983). Although a number of species of this genus are available in the 
freshwaters, B plicatilis is fanly common in the brackish and inland salt waters both in temperate 
and tropics As such, B plicatilis constitutes an important ideal link in the food chain of saline 
environs especially for fish and shrimp larvae (Hirata et al 1983, James et al 1983) Rao and 
Mohan (1977) designated the species as an indicator of pollution in the brackish waters with low 
alkalinity Occurrence of Brachionus spp m eutiophic water bodies is also well documented 
(Berzins 1949, Hakkari 1978, Maemets 1983, Datta & Chowdhury 1984) The physico¬ 
chemical properties of water in relation to the extent of tolerance of the B plicatilis, as studied 
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Figure 1 Seasonal variation of total zooplankton, rotifera and B plieatihs 


presently, clearly indicates that the species is truly of plastic nature The wide range of temperature 
tolerance is evident from its global distribution as well as from the present study The correlation 
coefficient (r) between the abundance and temperature is significant (P<0 1), but the impact of 
temperature could not be established from the regression analyses 

Transparency exhibits negative significant relationship (PcO 05) with rotifers including B. 
plicatilis The influence of transparency may also be judged from the magnitude of the coeffi¬ 
cient (Standardized Regression Coefficient) value which shows a significant relationship 
F = 3 64489, P<0 1 in case of rotifers, and in case of B plicatilis F = 3 12933, P <01 

Arora (1966) experimentally showed that most of the rotifer species are pH sensitive In an 
earlier study, Pejler (1957) stated that these microanimalcules are pH-msensitive However, no 
significant correlation could be established between pH and rotifers in the presently studied 
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impoundment and their occurrence is noticed in higher pH values (8.1-3 9). Hoffmann (1977) 
also indicated that some rotifer species can tolerate high pH (10.6) conditions. Therefore, it seems 
that the rotifers especially B. phcatilis are pH-msensitive. 

Rao and Mohan (1977) reported that the abundance of B. plicatilis is higher when total 
alkalinity values are low. The range of alkalinity values did not show any significant influence on 
the abundance of rotifers in the present study. 

A significant negative correlation (P<0.1) exists between salinity and both rotifers as well 
as B phcatilis obviously indicates that the range from 10-16°/oo of salinity is optimum for their 
better survival. The overall impact of salinity in the multiple correlation analysis (R) is also 
significant (P<0.1). Although dissolved oxygen (DO) content does not appear to be a limiting 
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Figure 3 Variation of pH, DO, Salinity and abundance of B phcatihs 


factor for the rotifers, its percent saturation in water has shown a positive significant 
correlation (P<0 05) in both rotifers as a whole and B pltcatilis. Absence of CO, m 
impoundment water is noteworthy Nutrient status of any aquatic system seems to be the major 
limiting factor for the flonstic composition on which the survival of the inhabiting fauna greatly 
depends No significant correlation (r) between DOM, silicate content and the rotifers could 
be established but both phosphate and nitrate-nitrogen were significant The influence of 
phosphate could also be established from the regression analysis (P<0 1) Datta and Chowdhun 
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Figure 4 Variation of phosphate, nitrate and abundance of B. plica tilts 


(1984) m a collateral study on highly eutrophic sewage fed freshwater impoundment indicated 
the presence of A angularis Gosse and contended that the genus Brachionus can tolerate a wide 
range of nutrient status. 

From the facts cited above, it may be concluded that the rotifers, especially B plicatihs m 
the brackish water system is a highly tolerant species and obviously their presence is an indicative 
of eutrophic nature of the impoundment and thus it may be included in E-Ctfegory of species as 
suggested by Hakkari (1978) 
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Table 1 Range, Mean, ± S.d and coefficient of variation of Afferent physico-chemical parameters during 1980-1982 


Parameters 

Range 

Mean 


CV. 

Water temperature (°Q 

21 5 - 33 0 

27 78 

3 37 

12 13 

Transparency (cm) 

8.0 - 24 0 

15 51 

4 39 

28 35 

pH 

os 

00 

1 

00 

8 58 

0.231 

2 69 

Dissolved Oxygen (mg/1) 

5 18 - 12 24 

8.39 

1.65 

19 74 

% Saturation of 0 2 (%) 

61 5 - 151 5 

105.23 

21 42 

20 35 

Salinity (°/ 00 g/1) 

8 2 - 31 6 

19.8 

6 47 

32 67 

M 0. alkalinity (mg/1) 

75 0 - 163 8 

118 0 

21.76 

18 44 

Oh. Alkalinity (mg/1) 

0 - 31 5 

14.07 

5 84 

41 48 

Phosphate (mg/1) 

0.006- 0 66 

0 275 

0 18 

68 00 

Nitrate (mg/1) 

0 028- 1 88 

0 57 

0 44 

78 07 

Silicate (mg/1) 

0 05 - 6 3 

3.08 

1 56 

50 58 

Dissolved organic matter (mg/1) 

2 3 - 7 65 

5 54 

1 24 

22.5 
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Protozoa as Biomonitoring Agents of Both Aquatic and 
Terrestrial Environment 
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Introduction 

Protozoa, algae and bacteria form the broad base of food chains in aquatic ecosystems (Khan 
1976, Butler 1977, Brown 1978). Among the non-target organisms, ciliates are of major concern 
as they are more important as nutrient regenerators, particularly of nitrogen and phosphorus, 
than bacteria (Johannes 1965). These unicellular organisms offer the possibility of direct 
study of independent cells, possessing specific features of single cells and of whole organisms at 
a time (Lepsi 1965, McConnell 1966). Thus, they show a distinct advantage for assessing pollution 
and ecotoxic effects due to lack of such homeostatic systems as expected in higher organisms. 
Their universal occurrence in nature and the ease with which they are cultured makes them suitable 
for use in pollution-monitoring programmes. 

Bick (1972) produced an illustrated guide based on the KLM system (Kolkwitz & Marsson 
1909, Kolkwitz 1950, Liebman 1962) or the well known ‘Saprobian system* and its indicator 
species concept, a list of 84 ciliates to be used as biological indicators m freshwater bodies. He has 
given the saprobiology, ecology and saprobian classification. This study is of immense use for 
assessing the quality of water bodies subjected to organic pollution, animal waste and sewage 
influx, but it throws little light on the responses and toxic effects of chemical pollutants m the 
water bodies. 

Introduction of a chemical pollutant to an aquatic or soil ecosystem causes numerous changes, 
producing inevitable damage to the growth and many vital functions of the protozoan communi¬ 
ties. In such pollution-related community, structural and functional changes were examined and 
ecotoxic effects of heavy metals, halogens, thermal pollution, nutrient enrichment in eutrophic 
conditions were presented and discussed by Cairns et al (1972) They concluded urging that the 
pollution-impact studies of aquatic bodies should include an evaluation of the effects of pollution 
upon plankton communities 

Our studies on water-quality analysis and the occurrence of blooms of certain protozoans of 
some of the man-made lakes of Andhra Pradesh with in vitro bioassay experiment on the ciliates 
Tetrahymena pyriformis, Paramecium caudatum, Blepharisma intermedium, Oxytricha fallax and 
Vorticella convularia to evaluate the acute and chronic levels of a variety of toxicants 
including heavy metals, halogens, pesticides and weedicides (Aziz 1977, Nasreen 1980, Masood 
1981, 1983, 1984, Seshagin Rao 1981, 1982, 1983, Kauser 1981 and Jaleel 1984) form the basis 
to establish that protozoa can be used as bioindicators A cumulative effect of fertilizers and 
pesticides on the soil, effecting the population of soil amoebae and bacteria (Surya Prakash Rao 
1984), is also presented in support of our work on aquatic bodies. 
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Results 

An e phimer al monospecific bloom of a dmoflagellate Ceratium hirundinella was observed in 
February 1979, m the Manjira reservoir, imparting a brownish coloration and fishy odour to the 
waters. While a routine water sampling of the reservoir was going on (Seshagin Rao 1980) This 
has been correlated with higher averages of the concentrations of calcium, silica and salinity. 
Similarly, M ohan (1980) recorded dense population of Ceratium hinmdmella when calcium and 
salinity concentration were high in Mir Alam tank. 

Toxicity bioassay experiments were carried out at laboratory temperature using Tetrahymena 
pyriformis, Paramecium caudatum and Blepharisma intermedium taken from the log phase of 
the cultures as test organisms. Determination of lethal and tolerant concentrations in an acute 
toxicity experiments of 13 heavy metal compounds in tests of 10 and 180 min duration (table 1), 
and 3 hr. LC M values were calculated from survival curves (table 2) Based on chronic toxicity 
tests for a total exposure time of 144 hr, percentage of inhibition was calculated Significant 
accumulation of lead nitrate was also observed in these experiments (Nasreen 1980). Similar 
experiments using Tetrahymena pyriformis, Paramecium caudatum and Vorticella conndaria, 
grown continuously in sterilized hay infusion, were conducted to evaluate acute and chronic 
toxicity levels of five pesticides Lethal concentrations and tolerant levels and LCgq values were 
calculated. Chronic tests for 144 hr were carried out, which helped to calculate % inhibition 
in growth of ciliates and a study of biomagnification Acute tests were conducted for 3 hr, 
immediate lethal concentration pn 10 min exposure and sublethal concentration on 
180 mm exposure were recorded LC B0 was calculated on the basis of ratio of still alive 
and dead animals of the different concentrations of toxicants during 180 mm exposure 
(Masood 1981, 1983, 1984) (table 3) 

Similar toxicity bioassay experiments were carried out usmg Paramecium caudatum, 
Oxytncha fallax, Vorthella conmlaria and Tetrahymena pyriformis on synthetic pyrethroid 
cypermethrin (Jsdeel 1984, table 4). Kauser (1983) worked out the effects of sodium fluoride and 
BHC on three ciliates viz, Tetrahymena pyriformis, Paramoecium caudatum and Oxytncha 
fallax (table 4). 

Studies of different soil samples of a grape garden, situated 20 km from Osmania University 
Campus, Hyderabad, were conducted to assess the action of fertilizers and pesticides on soil 
amoebae and bacterial population Seasonal variations September 1980 to October 1982 in the 
number of active, cystic stages of amoebae and bacterial population were studied In the 
winter of the 1st year, after the use of 1 /of Carathion pesticide and 200 kg of neem cake/acre, 
the amoebal cyst formation increased, but in the winter of the 2nd year addition of 1 //acre 
of Rogor £ //acre of Carathion induced cyst formation but it decreased the bacterial number. 
Hence, there was a decrease in active stages In the summer of the 2nd year, no pesticides were 
used and the use of organic-enrichment alone resulted in a rapid rise of amoebal and bacterial 
populations, whereas cystic stages did increase in the summer of the 1st year due to the use of 
400 g of sulfex, 150 ml of Rogor and 500 ml of zinc/acre 

The use of 1 //acre of M-45 diethane pesticides in the summer of the 1st year increased cyst 
formation and decreased active amoebal stages and bacterial number, whereas a fall in the 
bacterial population in the summer of the second year reduced the active stages and increased 
cyst formation (Surya Prakash Rao 1984, table 5) 



Table 1 Lethal (10 min)*. Tolerant (180 min)** metalhaon concentrations (rngfl) to ciliateprotozoa (Narseen, 1980) 


Test organism 

CuS0 4 

5H*0 

HgCl 2 

HgS0 4 

CdCI 8 

KMN0 4 SnCl s 
.21^0 

CoClj 

6H,0 

ZqS0 4 

.THgO 

Pb 

(NO,), 

CoS0 4 

K,Cr,0 7 

Co 

(NO,), 

K,CO, 

Tetrahymena 

* 6 8 

8 6 

18 

20 

40 

180 

200 

210 

360 

800 

800 

1000 

2200 

pyriformis 

** 1 6 

1 0 

6 0 

6 

20 

60 

60 

100 

100 

100 

100 

200 

800 

Paramecium 

* 10 

45 

10 

18 

10 

290 

1000 

300 

760 

800 

8000 

940 

4600 

caudatum 

** 10 

30 

2 

6 

40 

18 

100 

63 

400 

100 

2000 

400 

1000 

Blepharisma 

* 16 

40 

18 

40 

8 

100 

100 

100 

100 

400 

110 

160 

1100 

interrmdiwm 

** 4 

25 

4 

10 

4 

60 

10 

60 

10 

60 

200 

20 

600 


Os 

so 
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Table 2 Metallic toxicant concentration (mg/l) for average 50 % survival {3 hr-LC^ of abates (Nasreen 1980) 


Toxicant 


Tetrahymena 

pynformis 

Paramecium 

caudatum 

Blephansma 

intermedium 

CuS0 4 


1 0 

7 2 

4 4 

HgClj 


1 0 

26 

22 

HgS0 4 


5 5 

1 0 

1 6 

caci. 


6 2 

5 7 

9 8 

KMn0 4 


13 

1 7 

4 2 

SnO a 


45 

81 

14 

CoCl, 


49 

138 

14 

ZnS0 4 


75 

100 

58 

CuS0 4 


88 

90 

58 

Co(NO^ t 


100 

180 

10 

PbtNO,)* 


95 

250 

10 

K,0r,0, 


110 

2600 

220 

K,CO, 


640 

1100 

540 

Table 3 * Lethal {10 midi ** Median tolerant, and *** 
protozoa (Masood 1984) 

Sublethal {180 min) values of pesticides {in ppm) to ciliated 


Dimethoate 

Femtrothion 

Endosulfan 

Carbofuran 

Paramoeaum caudatum 

• 120 

10 0 

56 0 

320 0 


** 100 

7 7 

32 45 

210 0 


**♦ 60 

4 2 

21 0 

135.0 

Vorticella convulana 

* 65.0 

240 0 

10 0 

135 0 


** 47 0 

188 0 

42 

100 0 


♦** 28 0 

115 0 

1 0 

65 0 

Tetrahymena pynfortms 

* 320 0 

370 0 

84 0 

2800 


** 243 0 

308 0 

71 0 

187 0 


*** 115 0 

210 0 

56 0 

115 0 


Table 4 *Lethal {10 nun) ** Median tolerant, and +** Sublethal {I80mtn) values of synthetic pyrethroid, benzene 
hexachlortde and sodium fluoride {in ppm) to abated protozoa (Jale ;1 1984, Kanser 1984) 



Cypermethin 

Benzene 

hexachlonde 

Sodium 

fluonde 

Paramecium caudatum 

♦ 24 0 

180 0 

24,000 


** 14 5 

73 0 

12,800 


*** 10 0 

20 0 

10,000 

Oxytricha fallax 

* 56 0 

200 0 

21,000 


** 42 0 

80 0 

13,500 


*** 28 0 

400 

4,900 

Tetrahymena pyrifomus 

* 28 0 

120 0 

20,000 


** 19 5 

40 0 

11,500 


*** 13 0 

10 0 

5,600 

Vorticella convulana 

* 87 0 

_ 

t 


*♦ 70 5 

_ 



*** 49 o 

— 

— 



Table 5 Year-wise averages of active, cystic amoebae, (Organisms/#), Total number of bacteria (milUons/g) of a Group Garden Soil from October 
1980 to September 1982 (Surya Prakash, 1984) 


Period 

WINTER 


SUMMER 


MONSOON 



Ave. of 

active 

amoebae 

Ave of 

cystic 

amoebae 

Ave. of 
bacteria 

Ave. of 

active 

amoebae 

Ave. of 

Csytic 

Amoebae 

Ave. of 
bacteria 

Ave. of 

active 

amoebae 

Ave. of 

cystic 

amoebae 

Ave. of 
bacteria 

October 1980 to 

September 1981 

Max 

143000 0 

1690000 0 

123 5 

421000 0 

931000.0 

263.5 

650000.0 

1690000.0 

192.0 

Mm. 

26700 0 

31600 0 

31.0 

18800 0 

2330 0 

80.7 

823.0 

412.0 

12.5 

X 

55775 5 

800887 5 

86 9 

31650.0 

202450 0 

141.1 

156170.0 

3071362.5 

97.7 

s 

366898 3 

453009 3 

32 5 

38515.2 

35552 2 

25.7 

5204302 8 

42320 6 

59 9 

October 1981 to 

September 1982 

Max 

18800 0 

11100 0 

201 5 

175000 0 

92000.0 

92000 

333.5 

232000.0 

183.6 

Mm. 

4280 0 

7860 0 

136.2 

41400 0 

22400.0 

189.5 

15820.0 

10200.0 

135.2 

X 

10665 0 

9430 0 

157 6 

2813.0 

62900.0 

258.7 

46350.0 

24300.0 

157.0 

s 

7173 0 

1324 0 

30 5 

3027 9 

3486 7 

69 0 

5711 8 

13389 3 

20 1 
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Discussion 

The fact that the biodynamic cycle is an important factor in an ecosystem, the effects of various 
toxicants in these studies are made by observing two or three cihate protozoa at a time to re¬ 
present protozoan community as recommended by Cairns et al. (1972) 

In our studies, cihates as non-target organisms have shown a gradation of resistance and 
sensitivity. Lethal and tolerant concentration determination of various toxicants, including heavy 
metals, halogens and pesticides (organophosphate, chlorinated hydrocarbon compounds and 
synthetic pyrethroids) has helped us to calculate the percentage of inhibition and the level of bio- 
ma gmficatio n (tables 1,2,3,4) These studies, thus, help to classify the resistance and sensitive 
protozoan species m relation to a particular toxicant Our earlier observation on the effects of pes¬ 
ticide effluents have revealed that ciliate protozoa are highly sensitive as compared to fishes, mollu¬ 
scs, crustaceans and rotifers (Aziz 1977). Our studies have clearly shown that certain species such as 
VorticelUt convularia, Tetrahymena pyriformis and Paramecium caudatum show high sensitivity to 
different toxicants. Interestingly enough, the hypotnchous ciliate, Vorticella convularia, is an indi¬ 
cator of organic pollution as it occurs in sewage and other organically polluted waters, whereas 
our observations have shown that this species disappears from such organically polluted waters 
when there is chemical pollution also Thus, it is possible to use Vorticella convularia as an indicator 
species of such polluted water bodies Our studies also indicate the need of such acute tests to judge 
the water quality m compliance with other standard tests (Masood 1984) 

In the case of pesticides pollution; we have clearly shown the profound ecological effects of 
sublethal doses which would be manifested m the reduction of ciliate protozoan community. 

Further, ecotoxicological studies of soil amoebae and soil bactena have revealed that the toxic 
effects of pesticides reduce the active stages of amoebae and increase the cystic stages (Surya 
Prakash 1984) 

The nse in the active stages of amoebae due to a rise in the bacterial population and an 
increase in cyst formation due to the use of pesticides is in agreement with Singh (1942, 1946 & 
1949), and Mhatre et al (1980) The active, cystic and bacterial populations are indicated m 
table 5. 

To conclude, our studies, both on aquatic and soil environments, strengthen our conclusions 
of the possibility of using protozoan community or individual species to assess the degree of 
chemical pollution of freshwater bodies or soil 
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Preliminary Observations on Bottom Biota Community for 
Monitoring Pollution due to Community Sewage Waste in 
*Kol’ of River Ganga and the Main River Ganga 

A K LAAL, A SARKAR, S K SARKAR and K L SHAH* 

Central Inland Fisheries Research Unit, Bhagalpur 812001 


Introduction 

Although several diversity indices have been proposed (Fisher et al. 1943, Preston 1948, Margalef 
1951, Good 1953, Bnlloutm 1960), one of the most promising indices of diversity measure is 
derived from the information theory (Margalef 1956, Patton 1962, Milhm & Dorris 1966, Mathis 
1968). Such measures relate to uncertainty that exists regarding the species of an individual selected 
at random from a population. The greater the number of species present and/or the more evenly 
individuals are apportioned among the species, the greater the uncertainty m selection, and hence 
the greater the diversity value. In estimating the total community diversity, probably the most 
widely used index is the Shanon-Weaver equation (1964): 

H = Su/JV Logt lni/N 

where N is the total number of individuals in ‘S’ species, nt, the number of individuals m the ith 
species with Ini —N, and the information content or diversity indices are expressed as number of 
bits/individual cell. Pielou (1966) reported that the Shanon-Weaver equation never gave an 
unbiased approximation of diversity, but diversity was only estimated Diversity calculated by 
this method approximates normal distribution and routine statistical interference are justified 
(Bowman et al. 1970, Hutchinson 1970). 

Theoretically, H values range from zero to any positive number but are seldom greater than 
10 The minimum H is obtained when all individuals belong to the same species, while the maxi¬ 
mum H value is obtained when each species contains the same number of individuals (Wilhm 
1970) In aquatic systems, the benthic macro-invertebrate community is most often investigated 
due to the absence of mobility and sensitivity towards physicochemical stresses Benthic 
organisms provide a valuable indicator of past and present water quality conditions because of 
their long life histones and central position in the food chain (Mackenthum 1966, Cairns & 
Dickson 1971) In stream investigations, plankton are seldom utilised because they are carried 
to long distances by currents and may reflect water quality conditions upstream that at the 
point of sampling (Mackenthum 1966). 

In the present study, physico-chemical conditions and the community structure of benthic 
macro-invertebrates had been investigated during summer (June, 1980) in the River Ganges and 
its Smghat ‘KoF (Oxbow lake) to evaluate Ganga and its stream conditions 
Study Area 

The study area has been described elsewhere (Laal et al. 1982b). 

*Present address All-India Coordinated Research Project on Composite Fish Culture and Fish Seed Produc¬ 
tion, Subcentre, (CIFRI), Govt. Fish Seed Farm, Karnal 132001 
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Methods 

APHA (1965) methods were followed for analysing physico-chemical parameters 

For studying macro-mvertebrates community structure, collections were made at three 
centres in the Sirighat ‘Kol’ and one centre in the River Ganga at Hanumanghat by means of 
Ekman’s dredge (523 sq cm). Three dredgings constituted a sample for macrofauna, which was 
sieved through metallic guage (256 meshes sq.cm). The residual organisms were sorted out and 
enumerated group-wise and expressed as number m 2 The observations were made in Singhat 
‘Kol’ and River Ganga at Hanumanghat on 5th and 21st June 1979, respectively. 

Results 

Bottom biota comprised of organisms belonging to Tnchoptera, Diptera, Hemiptera, Zygoptera, 
Mollusca and Amphibia in the present stretches. Variations in their compositions and pollution 
at different sites are mentioned m table 1. Population ranged from 234 ft/1 (main sewage) to 78 f./l 
(Singhat) in Sirighat ‘Kol’ and 18 pi 1 in the River Ganga at Hanumanghat. Number of species 
also differed at different sites, 1 (main sewage), 4 (M S Ghat confluence), 5 (Sirighat) and 5 (River 


Table 1 Benthic biota Community structure of River Ganga and its stretch *KoV 


Name of the species 

Site No 1 River Ganga at Hanumanghat 
Margartirfera sp. 

Vmpera bengalensis 
Pleurocera sp. 

Lymnea sp. 

Dy therms sp 
Dy therms sp 


Singhat Kol: Stretch of the River Ganga 
Site No 2 Mam Sewage Channel (AOF) 

Phryganea sp (Tnchoptera) 


Site No 3 Manik Sarkarghat Confluence (OF) 
Nematodes (Single species) 
Phryganea sp 
Chironomus 
Lymnea sp 


Site No. 4 Singhat (BOF) 
Phryganea sp 
Margaritifera sp 
Chironomus sp 
Lymnea sp 

Tadepole (dead specimen) 


m 

idlS 

mlN fog — ni/N 

8 

0.4444 

-0 51998 

4 

0.2222 

—0.48219 

1 

0.0555 

-0.23165 

2 

0.1111 

-0 35220 

3 

0.16665 

-0 43081 

3 

0.1665 

-0.43081 

18 


—•2 01683 


234 

0 

0 0 

234 

46 

0 7797 

—0 27991 

9 

0 15255 

-0 41160 

2 

0 5302 

-0 16552 

2 

0 5302 

-0 16552 

59 


-0 75255 

56 

0 712792 

-0 34078 

3 

0 03846 

-0 18078 

7 

0 08974 

—0 31213 

11 

0 14102 

—0 39853 

1 

0 01282 

—0 08058 

78 


—1.31280 


Table 2 Physico-chemical parameters of four different sites of River Ganga and its stretch 


Names of the site 

Date 

Air 

temp 

(°C) 

Water 

temp 

(°Q 

Trans¬ 

parency 

(an) 

DO 

(ppm) 

Free 

co a 

(ppm) 

pH 

co t - 

HCO f - 

Total 

alka¬ 

linity 

no 3 - 

SiO r 

II 

Hanumanghat 

21-6-79 

32 0 

31 0 

19 50 

6 58 

Nil. 

7.6 

20 00 

625 0 

645 00 

0.30 

14.00 

0.05 

Mam Sewage (AOF) 

5-6-79 

30 5 

29 5 

— 

2 54 

40 48 

8 0 

Nil 

1420 0 

1420 0 

0 20 

3.00 

0.04 

Mamksarkarghat 
confluence (OF) 

5-6-79 

30 5 

28.0 

13.0 

4.70 

Nil 

8 80 

400 0 

810 0 

1210 0 

0 30 

5 40 

0 26 

Sirighat (BOF) 

5-6-79 

30 0 

29 0 

18 50 

7 99 

Nil. 

7 6 

220 0 

380 0 

600 0 

0.20 

2 00 

0 06 
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Ganga) Species diversity 77 ranged from 0 (main sewage) to 2 01683 (River Ganga) and evenness 
from 0 (main sewage) to .868 (River Ganga) (table 1). 

Physicochemical parameters (table 2) and benthic macro-invertebrate c ommuni ty structure 
were quantitatively related to varying degree of domestic sewage waste pollution drainage in the 
systems. The unpolluted system (River Ganga) indicated the greatest and the polluted system 
(mam sewage) the least species diversity Lower dissolved oxygen and higher free carbon dioxide, 
bicarbonate, alkalinity and nutrients like NO a , SiO t and Fe(ic) in ‘Kol’ in the main river 
confirm the above observations 


Lower number of species and individuals in polluted systems are characteristics of physically 
stressed communities (Odum 1971). Species number of an ecosystem reflects, to some extent, the 
habitat qualities (Junk 1973, Laal 1981) The diversity ranged from 0 (main sewage) to 075255 
(M S ghat confluence) m heavy polluted zone, 131280 (Singhat) to less polluted zone and 2.01683 
(River Ganga) to unpolluted zone Wilhm (1970), after sampling various habitats, reported that 
diversity in clean water streams varied between 3 and 4 while polluted streams usually had indices 
less than 1. 

Cairns et al (1971) reported similar values when diversity measurements of a stream, polluted 
by acid drainage, were compared to healthy mountain streams Further, the present findings sup¬ 
port the contention of Patrick (1970) that the rigorous and unpredictable stream environment is 
largely responsible for low equatibility and low diversity in benthic community The occurrence 
of Trichoptera m plenty further supports the contention of Marker (1959), who explains the great 
abundance of benthic fauna due to availability of large quantities of food in suspension form 
which is swept by the current into the nets of these omnivorous creatures Variations m commu¬ 
nity structure of benthic macro-invertebrates is due to changes in physicochemical parameters, 
availability of their food and range of pollution Ulfstrand (1967) expressed the opimon that the, 
interplay of environmental factors is more important than that of the factors considered mdW 
vidually and that this was the second in importance after the availability of food m determining 
detailed distribution of the fauna 
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Application of Multienzyme Assays in Bio-monitoring of Mercuric 
Chloride in a Freshwater Field Crab, Barytelphusa guerini 
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Introduction 

Toxic effects of mercuric compounds on freshwater organisms were extensively reviewed (Mckim 
et al. 1974, 1975, 1976 Brungs et al. 1977, 1978). Several reports appeared m recent years 
suggesting that heavy metals interfere with physiological functioning of various organ systems 
inducing alterations m the enzyme systems and metabolite profiles (Christensen 1975, Hinton 
& Koeing 1975, Kendal 1975 and Shastry et al 1979). In the present study, a set of enzymes and 
metabolites were assayed in various tissues of crab, at two different exposure times. The variations 
in the results are aimed at understanding and identifying the usefulness of the said parameters to 
evaluate and assess the mercuric chloride toxicity 

Materials and Methods 

Healthy, uniform-sized male crabs were collected from polluted free areas of Hyderabad and 
acclimatized m the laboratory conditions. The crabs were fed ad libitum with fish meat. The 
animals were starved a day prior to the experimentation to avoid metabolic differences, if any, 
due to differential feeding and food reserves LC M value for mercuric chloride was determined 
according to Finney (1959) and the crabs were exposed to sublethal concentration (1/3 of LC S0 
value, l e 0 2 ppm) as suggested by Konar (1969) The crabs were sacrificed on the 4th and 15th 
day of exposure, and tissues, viz chelate leg muscle, hepatopancreas, heart, gills and thoracic 
ganglion, were isolated. The following biochemical parameters were estimated : SDH, LDH 
and GDH (modified method of Nachaas et al 1960), Phosphorylase “a” and “ab” (Con et al. 
1955), AAT, AIAT (Reitman & Frankel 1957), AchE (modified method of Metcalf 1951), 
Glycogen and total free sugars (Nicholas et al. 1956), Lactic acid (Barker & Summerson 1941), 
Protein (Lowry et al. 1951), and Free ammo acids (Moore & Stem 1954) 


Results 

The results (table 1) demonstrate that variability m all the biochemical parameters time was 
dependent and tissue specific. The % variation of active phosphorylase “a” and total phosph¬ 
orylase “ab” showed a decline in the activity on the 15th day of exposure as is also clearly 
reflected in depletion levels of glycogen in all the tissues The levels of total free sugars m the tissues 
exhibits a reduction in utilization pattern upon prolonged exposure 

SDH progressively inhibited in all the tissues, while Ach E, which represents overall activity 
of the animal, showed an enhanced activity on fourth day and clearcut inhibition on the 15th day 
LDH is progressively inhibited in gills, muscle and hepatopancreas. Heart and thoracic-ganglion 



Table 1 Percent changes in the levels of Metabolites and enzyme activities In a crab, Barylelphusa goenni on 4th(A) and 15th day (B) of exposure 
to mercuric chloride 


Tissues 


Phos. Phos. SDH LDH Ach.E AIAT AAT GDH GIY TFS LA Protein FAA 
“a” “ab” 


Gills 


Muscle 


A +101 1 +138 63 —46 79 —63 39 — 6 84 +39 22 + 7 44 +40.05 —38.32 —68.66 +54 33 — 3.70 +35.95 
B + 65 8 + 73.23 —74.74 —98.54 —36.84 +31 22 +22 96 —62.69 —27 34 —35 83 + 42 86 —35.72 —24 47 


A + 39 29 +148 06 —34 24 —43 10 +20 13 +14 34 + 7 01 +44.71 —45 81 —69.29 +71 87 + 1 42 +11 92 
B + 44 74 +102 8 —60 66 —81 97 —23 63 +16 40 +38 17 —57.15 —13 85 —36.18 +89.40 —19.04 —31.90 


Hepatopancreas 


A +114 29 +134 78 —38 95 —51 06 +21 30 +35 50 +28 06 +16 42 —47 37 —49 45 +49 91 — 6 18 —27 28 
B + 42 96 + 69 23 —64 40 —87.10 —36 56 +31 12 +51 73 —51.03 —28 12 —23 66 +93 50 —30.29 —47 50 


Heart 


A +166 45 +198 43 —55 03 +68 60 +21 21 +19 86 +10 52 +47 31 —58 88 -49.02 —54.01 —15.05 +40 28 
B +120 57 +112 61 —70 51 —74 10 —26 51 +49 42 +31.21 +74.17 —29 06 —21 92 +75 65 —30 28 —30 01 


Thoracic ganglion A 
B 


+ 91 18 +182 21 —40 63 +28 95 +35 70 +27.66 +12.82 +39.22 ±58.09 —49.85 —44 73 + 2 60 +14 50 
+126 19 +136 36 —80.51 —44 92 —39 88 +22 58 +14.93 +73 63 —30 41 —23 45 +44 79 —36 21 —41 28 


Phos, ‘a’ Active phosphorylae “a”; Phoses *ab\ total phosphorylase “ab” (/* moles of pi/mg protein/hr), SDH, succinate dehydrogenase; 
LDH, lactate dehydrogenase; GDH, glutamate dehydrogenase (ft moles formazan/ mg protein/hr); AIAT, alanine aminotransferase; AAT, 

Aspartate aminotransferase (fi moles of Napyrurate/mg protein/hr); Gly, glycogen; TFS, total free sugars (mg glucose/g net weight), LA, 
Lactic acid (mg Lactate/gm net weight), FAA, Free amino acids (mg amino acid/gm net weight) 
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exhibited a significant increase m LDH activity on the 4th day and a significant decrease on the 
15th day of exposure LDH activity in the tissues reflects the levels of lactic acid in all tissues. 

Progressive enhancement of AAT activity was witnessed in all the tissues. AIAT activity was 
also found to increase m all the tissues, but progressive increase was recorded only m the heart. 
GDH activity increased on the 4th day but decreased on the 15th day of exposure. 

Protein depletion was found maximum m all the tissues on 15th day of exposure. Free atninn. 
acid depletion was recorded in all the tissues on the 15th day. However, on the 4th day it was 
observed only in the hepatopancreas, 

Discussion 

The alterations in the biochemical parameters assayed in this study are time-dependent and tissue- 
specific. Inhibition of LDH upon prolonged exposure, accumulatory levels of Lactic acid and a 
progressive inhibition of SDH shows a considerable decrease m oxidative metabolism. Statistically 
significant drop in the oxygen consumption upon prolonged exposure in the same crab lends 
support for the present results (Reddy 1980). Tissue-and time-specific enhancement of active and 
total phosphorylase activities are corroborated with changed levels of glycogen and total free 
sugars, establishing a significant utilization of carbohydrate reserves for energy. LDH activity 
was inhibited on the 15th day, whereas on the 4th day its activity was preferentially inhibited 
only in gills, muscle and hepatopancreas, but not in heart and thoracic ganglion (where in these 
tissues, a significant increase was witnessed). The detailed study and standardization of LDH 
activity and of its isozymes, at different concentrations of HgClj, may serve as useful indicator 
in assessing the pollutant toxicity 

Progressive decrease in protein and free amino acid levels point to protein degradation, 
perhaps to supply intermediates for energy production. Tissue-specific changes in free ammo acids, 
transaminases and GDH activity can be taken' as. meaningful indicators of mercury pollutant. 
AIAT increased at both exposure spans, but increase m its activity was found more on the 4th 
day, whereas reverse trend was observed in AAT, wherein its activity enhancement was propor¬ 
tional to the exposure spans Similarly GDH activity was found to increase in all the tissues on 
the 4th day, while on the 15th day increase was confined to heart and hepatopancreas only. 

Such differential behaviour with regard to tissue and exposure time of the above-mentioned 
parameters can be further explored to develop a more meaningful markers or indicators to assess 
or to characterise the particular pollutant and its potential for toxicity In the light of the above 
study, metabolic differenciation and adaptations in given, functionally different, tissues or organ 
systems are to be taken into consideration while interpreting the results, 
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Introduction 

The use of algae as indicators of river water quality and pollution has been emplmwad by 
Venkateswarlu (1981). Algae represent a microscale in ecological investigations (cf. Pipe & 
Shubert 1984). They occupy a unique position among the primary producers. They are better 
indicators of potential pollution than animals because they respond to both toxicants and 
growth stimulators (Walsh & Merrill 1984). 

A number of rivers have been investigated by Venkateswarlu and his associates, using algae 
as biomonitors. Among these, the Moosi (Venkateswarlu 1969a-c, 1970, 1976, 1981, 1983, Ven¬ 
kateswarlu & Sampathkumar 1982, Nirmala Kumari 1984), the Manjira (Venkateswarlu St 
Seshadri 1981, Rajkumar 1984), the Krishna (Venkateswarlu et al. 1983), die Tungabhadra 
(Mamkya Reddy 1984) and the Kagna (Balakista Reddy, unpublished) have been well worked out 
from physicochemical and phycological angles. 

The river Moosi was investigated during 1961-63 and again during 1973-74 while river 
Tungabhadra during 1981-83. Finally, the course of the rivers investigated has been divided 
into (i) Unpolluted zone, (it) Highly polluted zone, and (if/) Recovery zone. 

The river Manjira was surveyed during 1978-80 and 1980-82 to study the hthophytic flora, 
the adaptations exhibited by different species of algae; and to assess the quality of water along 
the stretch of about 60 km. The data revealed that the river is unpolluted. 

The river Tungabhadra was studied during 1981-83 with a view to find out the effect of paper 
mill effluents on the river. The paper mill wastes were analysed for both chemical and biolo¬ 
gical parameters, including the heavy metals. Their effect was more near the point of entry into the 
river as is evident from the data. 

About 15 km of the river Krishna surveyed during May *82 to April ’83 near Gadwal showed 
that the river course is free from pollution which is evident from chemical and phycological charac¬ 
teristics. The same is the case with the river Kagna sampled between Vikarabad and Tandur. 

This paper presents a comparative picture of the pollutional aspects of two rivers i.e, Moosi 
and Tungabhadra. The role of algae as indicators of pollution has been discussed. 

Materials and Methods 

The collection of water samples and their chemical analysis, algal sampling and their frequency 
determinations, was done as described by Venkateswarlu (1969a) and Manikya Reddy (1984). 

Results and Discussion 

Physicochemical Characteristics 

In the river Moosi at station I, pH* carbonates and dissolved oxygen were high, whereas organic 
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matter, ammonia, nitrites, chlorides and phosphates were present in low concentrations. On the 
other hand, at station IV, pollution-indicating factors, such as organic matter, ammonia, nitntes, 
chlorides and phosphates, were m high proportions The oxygen content was always very low or 
sometimes nil. The pollution in the river has increased by many times in the course of 20 years, 
which is quite evident from the data of 1961-63 (Venkateswarlu 1969a-c), 1973-74 (Sampathkumar 
1977) and 1981-82 (Ninnala Kumari 1984). All the above-mentioned pollution-indicating factors 
by many times (about 15-20 times); however oxygen and carbonates were not 
recorded at all in the 1981-82 data. 

In the river Tungabhadra (Manikya Reddy 1984) also, station I, is unpolluted and 
contained high values of dissolved oxygen, carbonates and pH and low values of organic matter,- 
ammonia, chlorides, phosphates and nitntes. On the other hand station III, recorded high, 
levels of pollution. Here, the dissolved oxygen content was always below 5.0 ppm. 

In the nver Moosi, bicarbonates, chlorides, ammonia, phosphates and organic matter were 
very high (10-15 times). This may be; due to the increasing pollution as the river flows through 
thickly populated areas of the Hyderabad city. Even though the river Tungabhadra also receives 
paper mill wastes, the concentration of the pollutants has not much because of the size of the 
nver, the volume of water and the constant flow of water. However, total hardness and sulphates, 
were quite high at the polluted station III. 

In Moosi, the heavy metal concentrations were in the order of Zn>Pb>Mn>Co>Cu>Ni, 
whereas in Tungabhadra the metal concentrations were in the order of Zn>Cu>Pb>Ni>Co. In 
general, these metals indicated an increase along with the increase in bicarbonates, chlorides, 
total hardness, organic matter and sulphates. However, Tungabhadra recorded high values of 
zinc, cobalt, nickel and lead. On the other hand, copper and manganese were present compara¬ 
tively in higher concentration in Moosi. But all the heavy metals, except lead, are within the 
permissible limits of ISI standards in both the river waters, Lead in Tungabhadra was above the 
permissible limits. 

Table 1 Average concentrations of physico-chemical factors in rivers Moosi and Tungabhadra (.Chemical factors 
in ppm) 


Factors 


River Moosi 


River Tungabhadra 


Gandipet Chaderghat (Polluted) Unpolluted Polluted 

(Unpolluted) 1961-63 1973-74 1981-82 



8 38 

7 95 

7 29 

7 4 

8 

41 

8 

0 

Chlorides 

10 63 

40 75 

146 44 

108 0 

86 

48 

149 

00 

Nitrates 

0 545 

0 39 

0 134 

0 7 

1 

292 

0 

975 

Nitntes 

0 0021 

0 0531 

0 065 

Nil 

0 

0019 

0 

0029 

Free ammonia 

0 59 

2 62 

14 78 

23 12 

0 

75 

1 

09 

Dissolved oxygen 

7 82 

3 09 

0 6 

Nil 

7 

33 

4 

34 

Organic matter 

0 98 

5 01 

2 54 

30 50 

1 

95 

7 

74 

Phosphates 

0 0005 

0 855 

0 32 

11 5 

0 

015 

0 

20 

Silicates 

13 0 

16 7 

8 7 

15 6 

6 

15 

9 

64 

Total solids 

20 4 0 

421 5 


906 0 

507 

5 

765 

00 

Total hardness 

— 

— 

— 

224 73 

168 

97 

217 

38 

Heavy metals (Order) 


Zn>Pb>Mn>Co>Cu>Ni 

Zn>Cu>Pb>Ni>Co 
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Phycological Characteristics 

Venkateswarlu (1969b) observed domination of diatoms in nver Moosi and recorded high percen¬ 
tages both at unpolluted and polluted sites. Sampathkumar (1977) reported various groups of 
algae constituting the bulk of the populations. In the latter’s data, Chlorophyceae represented 
75 6 % at the highly polluted station and the diatoms in very low percentage. De smids and 
blue-greens were observed in considerable number during 1961-03 whereas in 1973-74 investigar 
tions, desmids were completely absent while the blue-greens were present in very low percentage- 

In Tungabhadra also, diatoms constituted the bulk of the population. Desmids and Chloro- 
phycean members were present in good numbers at the unpolluted sites, whereas blue-greens and 
Euglenophyceae were present in considerable numbers at the polluted station only. 

These results clearly suggest that m the nvers, diatoms constitute the major bulk of the algal 
populations. However, their pumber and species composition may differ in different nvers. 
Usually the unpolluted stations record more number (variety) of species, than the polluted 
ones. 

In both the nvers, the Chlorophyceae members were more at the freshwater stations. In the 
river Moosi, the polluted site showed interesting results during the two periods of investigations. 
In 1961-63 (Venkateswarlu 1969b), the green algae comprised Spondylomorum quatemarium; 


Table 2 Percentages of different algae groups in rivers Moosi and Tungabhadra 


Algal Groups 


River Moosi 


River Tungabhadra 


Gandipet 

(Unpolluted) 

Ch&derghat (Polluted) 
1961-63 1973-74 

Unpolluted 

Polluted 

Diatoms 

90 S 

81 5 

15.4 

70.9 

67 9 

Chlorophyceae (Volvocales-f- 
Chlorococcales-f Desmids) 

4.8 

2.9 

75.56 

66 

20' 

Cyanophyceae 

4 3 

11.7 

5.51 

22.3 

28 5 

Euglenophyceae 

0 06 

3 8 

3.42 

Nil 

1.39 

Desmids 

2.9 

0 32 

— 

3.2 

Nil 

Chlorococcales 

1.73 

1 0 

75 56 

3 0 

Ml 

Volvocales 

0.20 

1 57 


0 3 

0 89 


Table 3 Total algae , species number and number of diatom species in rivers Moosi and Tungabhadra 


River Moosi 


River Tungabhadra 

Gandipet Chaderghat (Polluted) 

(Unpolluted) 1961-63 1973-74 

Unpolluted 

Polluted 

Total algae 

5464 

4602 

9231 

15225 

16165 

Number of species 

57 

47 

23 

57 

42 

Diatom species 

25 

15 

8 

32 

26 
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Pandorim morum and Eudorina Mica. The same habitat in 1973-74 (Sampathkumar 1977) har¬ 
boured very high numbers ofChlorococcales, represented mainly by Chlorella vulgaris. This may 
be due to the in the concentration of pollutants which might have resulted in the elimi¬ 

nation of Volvocales and desmids in the latter period and helped the multiplication of Chlorella. 
Stigeochnium feme was present at the polluted stations of Moosi, whereas in the Tungabhadra, 
Pandorim morum and Scenedesmus quadricauda var. quadrispina were present in high numbers at 
the polluted station and Stigeochnium tenue was observed during high concentration of 
pollutants in the river. 

Similarly, the diatoms and blue-greens also exhibited differences in their populations and 
composition. The unpolluted station of the Moosi harboured Coelosphaerium kuetzingianum and 
Gomphosphaeria aponina and in the Tungabhadra Oscillatoria formosa and Calothrix parietina 
were present in very high numbers. The polluted stations in both the rivers were dominated by 
Oscillatoria chalybea, O. omata var. crassa and Spirulina subsalsa. Besides these, O. animalis 
was also growing in the Tungabhadra. 

Among diatoms, Synedra tabulata, Achnanthes microcephala, A. minutissima var. crypto- 
cephala, Mastogloia smithii var. ampfncephala, Navicula cryptocephala var. veneta, Cymbella deli ■ 
catula, Caloneis silicula var. truncatula, Nitzschia amphibia and Cymbella affinis were very common 
at the unpolluted stations of both the rivers. However, Diploneis ovalis, Cymbella microcephala, C. 
cymbiformis var. jimboi and C. cesatii were present m high numbers in the Moosi. On the other 
hand, Nitzschia punctata and N. denticula var. cwrta were recorded in high numbers m the 
Tungabhadra. 

At the polluted stations of both the rivers, Cychtella meneghiniana, Achnanthes exigua, Nitz¬ 
schia palea, N. acicularis, Navicula pupula f. capitata were very common. This clearly suggests 
that some species are common in both organically and industrially polluted waters. However, 
certain species are restricted to particular type of pollutants. 

The Euglenoid-flagellates were common only at the polluted stations and represented by 
Euglena polymorpha, E. acus, Lepocinclis ovum and Phacus pleuronectes in both the rivers. But 
Euglena oxyuris was present in high numbers in the Tungabhadra only. 

Several recent reviews provide adequate coverage of the effects of metal pollution on algae 
and toxicity of various metals to algae (Rai et al. 1981, Whitton 1984). Most of the investigations 
carried out on heavy metals in aquatic systems are in connection with either toxicity or accumu¬ 
lation in relation to aquatic organisms, specially algae (Palmer 1959, Patrick et al. 1969, Whitton 
I970a,b, 1975, 1979, McLean 1974, Say & Whitton 1981, Rushforth et al 1981) Various heavy 
metals may cause shifts in the species, composing algal communities. Hutchinson (1967) lists the 
elements iron, manganese, zinc, copper, boron, molybdenum, cobalt and vanadium as probably 
essential for algae. At high concentrations these metals become toxic(Williamsetal 1974) Some of 
the metals showed considerable effect on the flora whereas others did not have any effect The 
latter may be due to their low toxic nature or the tolerance by the species or antagonism and 
chelation. Whitton (1984) emphasizes that we still cannot generalise about the influence of metals 
on algal species and community-composition. Not only are there few reliable algal ecological indi¬ 
cators, but more significantly, metal pollution in the field is generally multielemental and accom¬ 
panied by confounding factors, such as extremes of acidity, excessive silt or mineral content and 
highly variable nutrient and organic status. Temporal comparisons are rarely possible but spatial 
comparisons, e g. above, and below-pomt sources of pollution in rivers, have considerable value. 
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Table 4a. Species commonly found at the unpolluted and polluted stations of river Mood 


Unpolluted 

Organically Polluted 

Achnanthes microcephala 

Nitzschb palea 

A. mimtisdma var. cryptocepkala 

CychteUa meneghimana 

Cymbella microcephala 

Achnanthes exigua 

C. cymblformis var, Jimbot 

Navicub pupub f. capitata 

C. cesati 

Nitzschb acicubris var. cbsterioides 

C. delicatula 

Navicub pygmaea 

Colonels silicula var. truncatida 

Phmubria biceps var. amphicephab 

Mastogbb smithti var. amphicephala 

Gompkonema sphaerophorum 

Dipbneis ovalts 

Oscillatoria chalybea 

Synedra ulna var. splendens 

Osc. omata var. crassa 

S. ulna var. aequalis 

Euglena acus 

Navicuta cryptocepkala var. veneta 

E. polymorpha 

Navicub pupula f. rectangularts 

Pkacus hngicauda 

Coelastrum cambricum 

Pandorina morvm 

Cosmarium subtumidum 

Spondybmorum quatemarium 

Coebsphaerium kuetzingiamm 



Table 4b Species commonly found at the unpolluted and polluted stations of the river Tungabhadra 


Unpolluted 

Industrially Polluted 

Cymbelb off mis 

Nitzschb palea 

Navicub cryptocephab var. gemtina 

Gomphonema parvulum 

Synedra ulna var. aequalis 

Synedra ulna 

Nitzschia denticub var. curta 

Achnanthes exigua 

Nit. punctata 

Nitzschb hungarica 

Synedra ulna var. splendens 

N. obtusa var. scalpelhformis 

S. tabulate var. obtusa 

N. acicularis 

Mastoglola smithn var. amphicephab 

N, frustulum var. perpusiUa 

Achnanthes microcephab 

CychteUa meneghmiana 

A. mmutissima var. cryptocephab 

Navicub pupub f. capitata 

Cymbella delicatub 

Oscillatona chalybea 

Nitzschia amphibia 

Osc . omata var. crassa 

Calothrix pareitma 

Osc animahs 

Coelastrum cambricum 

Euglena acus 

Cosmarium subtumidum 

Euglena oxyurts 

Pandorina morum 



188 V Venkateswarlu and P tif Reddy 

In river Moosi, the green algae seem to be more tolerant to heavy metals (2n, Cu, Pb & 
Ni) than diatoms,blue-greens an^Ejiglenoid flagellates (Nirmala Kumari 1984), because the green 
«ig g» represented the highest percentage. The Chiorococcaies dominated By Chlorella vulgaris 
mainly comtitutedrthe-bulk of the population. The highest-number of. Chlorella cells was coincided 
with the highest concentration of lead. . 

It can be concluded that in bicanonitormg of flowing waters, algae serve as an important tool 
The benthic algae are more helpful than the planktonic ones. Algae growing on natural substrata 
(pebbles, rocks, stones etc ) are advantageous and reliable. Diatoms constitute the major bulk of 
populations. Hence, it is highly desirable to analyse the biological data qualitatively m the 
first instance and then quantitatively. For calculating Nygaard’s index or Palmer’s composite 
rating of organisms or Shannon’s diversify index or Patrick’s technique in water quality determi¬ 
nation, species identification should be done to know the indicator organism. As already mentioned 
by Stoeimer (1984), at present the qualitative analysis is diffused, its utilization is limited and is 
avoided by many modem ecologists. Comprehensive identification manuals and systematic trea¬ 
tises are very much needed for biological monitoring Field-oriented phycology is highly desirable 
at the moment for the real progress in' biomonitormg studies. 

In the interpretation of heavy metals; instead of taking them as a separate entity, they have to 
be considered along with ‘the inorganic and organic substances (specially the extracellular 
substances) for better understanding of-a operation of various elements in an ecosystem. 
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On the Response of Spore Germination and Growth of Three 
Nitrogen-fixing Cyanobacteria, isolated from Soils, to 
Pesticides—An Assessment as Bioindicators 

U D BONGALE 

Algal Laboratory, P G Department of Studies in Botany, 

Kamatak University, Dharwad 580003 


Introduction 

The blue-green algae (Cyanobacteria) possess the capacity to fix atmospheric nitrogen and they 
play an important role in the nitrogen recuperation of tropical soils. Usage of a number of 
pesticides in the recent past has influenced both the soil algal flora as also the physiology of these 
imp ortant xnicro-orgamsms, thereby affecting the nitrogen-fixing potential of die soils (Buttler 
1977, McCann & Cullimore 1979). Spores play the major role in regeneration of blue-green algae 
and hence, any damage to these structures is likely to disturb the eco-physioiogical system. 

Apart from studying the effect of toxicants on the organisms themselves, it is equally impor¬ 
tant to evolve simpler means for testing the prevalence of toxicity over a period of time. Present 
study was undertaken with a dual object of studying the effect of pesticides on spore germination 
and growth of blue-green algae, and for assessing their suitability as bioindicators. 

Materials and Methods 

A nitrogen-fixing strain of each of the three algae, viz. Nostoc microscopicum (of Nostocales), 
Hapalosiphon welmtschii and H. confervaceus (both of Stigonematales), which were isolated from the 
cultivated soils of Karnataka State, were maintained under asceptic conditions in our laboratory. 
Spores collected from 9-month-old cultures and algal material from exponential cultures in AA-N 
medium (Smha & Kumar 1973) were utilized for study on spore germination and growth, respecti¬ 
vely. Effect of the commercial preparations of pesticides, viz. Aldrex-30, Monochrotpphos-36, 
Rogor-30, BHC-50, Dithane M-45, Deltan-75 and Phorate-10 are included in the present communi¬ 
cation 

Nitrogen-supplemented 2% agar medium in Petri-dishes, and nitrogen-free liquid medium in 
culture tubes, both m the replicates of two each, were used for spore germination and growth, res¬ 
pectively Total colony count was recorded on 20th day for spore germination (table 1) Growth 
was recorded initially as visual observation (degrees of visual growth), and finally as fresh weight 
of the centrifuged alga (tables 2-8). The concentrations used for growth response are given in 
respective tables For study on spore germination, one ml spore suspension was treated, for 120 
nuns, m one ml of the pesticide solution at the minimal concentration studied for growth. The 
spore-pesticide mixture along with the treatment solution was placed in Petri-dishes, over which 
20 ml of 2% agar medium was added. All the cultures were incubated at 28°±2°C under 
uniform fluorescent light (10 hr/day). Asceptic conditions were maintained throughout. 
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Table 1 Effect of pesticides on spore germination in blue-green algae <% germination compared to 100% in 
Controls—as average of two replicates) 


Pesticides 

Hapalosiphon welwitscfyi 

Hapalosiphon confervaceus 

Nostoc mcroscopicum 

Aldrex-30 

37 1 

23 2 

46 1 

Monochrotophos-36 

68 0 

83 5 

84 1 

Rogor-30 

74 2 

84 0 

84 0 

BH C-50 

0 0 

24 3 

2 4 

Dithane M-45 

0.0 

0 0 

0.0 

Deltan-75 

76 3 

62 4 

0.0 

Phorate-10 

357 3 

1.7 

86.1 


TaUe 2 Effect of Aldrex-30 on the growth of blue-green algae (average of two replicates) 



Treatments 

15 days 

25 days 

65 days 



Visual observation 

Fr wt (mg) 

Index 

L Hapalosiphon welwitschn 

Control 

Normal 

++++ 

350 

100 

5 ppm 

Tolerant 

+ -M- + 

440 

12 6 

10 ppm 

Non-tolerant 

+ + 

270 

77 

15 ppm 

Non-tolerant 

+ + 

200 

57 

20 ppm 

Non-tolerant 

— 

170 

49 

25 ppm 

Non-tolerant 

—* 

140 

40 

30 ppm 

Non-tolerant 

— 

100 

29 

II. Hapalosiphon confervaceus 

Control 

Normal 

++ + + 

360 

100 

5 ppm 

Slight Growth 

+ + 

350 

97 

10 ppm 

Non-tolerant 

+ 

340 

94 

15 ppm 

Non-tolerant 

— 

300 

83 

20 ppm 

Non-tolerant 

— 

270 

75 

25 ppm 

Non-tolerant 

— 

240 

67 

30 ppm 

Non-tolerant 

— 

150 

42 

Ill. Nostoc microscopicum 

Control 

Normal 

+ + + + 

520 

100 

5 ppm 

Non-tolerant 

— 

270 

52 

10 ppm 

Non-tolerant 

— 

200 

39 

15 ppm 

Non-tolerant 

— 

200 

39 

20 ppm 

Non-tolerant 

— 

80 

15 

25 ppm 

Non-tolerant 

— 

50 

10 

30 ppm 

Non-tolerant 

—* 

—* 



+ indicates degrees of visual growth ; — no growth 






Table 3 Effect of Monochrotophos-36 on the growth of blue-green algae {average of two replicates) 


Treatments 

15 days 

25 days 

65 days 



Visual observation 

Fr wt (mg) 

Index 

I Hapalosiphon welwitschu 

Control 

Normal 

+444 

350 

100 

6 ppm 

Normal 

4 + 44 

400 

114 

12 ppm 

Normal 

+ 44+ 

370 

106 

18 ppm 

Normal 

44+4 

350 

100 

24 ppm 

Normal 

+ 444 

350 

100 

30 ppm 

Normal 

+ 4+4 

300 

86 

36 ppm 

Slight inhibition 

44+ 

250 

71 

II. Hapalosiphon confervaceus 

Control 

Normal 

+ 4+4 

360 

100 

6 ppm 

Normal 

4 + 44 

350 

97 

12 ppm 

Normal 

4444 

330 

97 

18 ppm 

Normal 

4444 

340 

94 

24 ppm 

Normal 

4+44 

320 

89 

30 ppm 

Normal 

H —1—1— 

300 

83 

36 ppm 

Slight inhibition 

444 

250 ~ 

69 - 

HI. Nostoc nucroscopicum 

Control 

Normal 

+44+ 

520 

100 

6 ppm 

Tolerant 

444 

740 

142 

12 ppm 

Tolerant 

444 - 

730 

144 

18 ppm 

Slight inhibition 

++ 

730 

140 

24 ppm 

Inhibition 

4 

630 

125 

30 ppm 

Inhibition 

4* 

330 

106 

36 ppm 

Inhibition 

4 

300 

96 


Table 4 Effect of Rogor -30 on the growth of blue-green algae {average of two replicates) 


Treatments 

15 days 

25 dyas 

65 days 



Visual observation 

Fr wt (mg) 

Index 

I. Hapalosiphon welwitschu 

Control 

Normal 

4 + 4 + 

330 

100 

5 ppm 

Normal 

++++ 

360 

103 

10 ppm 

Normal 

44 + 4 

320 

91 

15 ppm 

Normal 

4444 

320 

91 

20 ppm 

Normal 

+4 + 4 

320 

91 

25 ppm 

Poor 

+ 44 + 

300 

86 

30 ppm 

Poor 

444 

300 

86 

Q Hapalosiphon confervaceus 

Control 

Normal 

+ 444 

360 

100 

5p pm 

Normal 

+ 44 

350 

97 

10 ppm 

Normal 

44 

320 

89 

15 ppm 

Normal 

44 

300 

83 “ 

20 ppm 

Poor 

4 

300 

83 

25 ppm 

Poor 

4 

270 

75 

30 ppm 

Poor 

4 

260 

72 

HI Nostoc nucroscopicum 

Control 

Normal 

+444 

520 

100 

5 ppm 

Normal 

444 

620 

119 

10 ppm 

Normal 

444 

500 

96 

15 ppm 

Poor 

44 

320 

62 

20 ppm 

Non-tolerant 

44 

270 

52 

25 ppm 

Non-tolerant 

4 

240 

46 

30 ppm 

Non-tolerant 

4 

150 

29 


4 indicates degrees of visual growth 
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Table 5 Effect of BHC-50 on ike growth of blue-green algae (average of two replicates ) 


Treatments 

40 days 

65 days 

80 days 


Visual observation 

Fr wt (mg) 

Index 

I. Hapalosiphon welwitschii 

Control 

+++ + 

+ + + + 

400 

100 

150 ppm 

++-H- 

+ + + + 

300 

75 

300 ppm 


+ + 

75 

19 

450 ppm 

+ 

+ + 

80 

20 

600 ppm 

— 


— 

— 

750 ppm 

— 

— 

— 

— 

II. Hapalosiphon confervaceus 

Control 

++++ 

-f+ + + 

250 

100 

150 ppm 

+++ 

4* + + 

200 

80 

300 ppm 

-H- + 

+ + + 

200 

80 

450 ppm 

+ + 

+ + 

150 

60 

600 ppm 

— 

— 

— 

— 

750 ppm 

— 

— 

* 

— 

m. Nostoc microscopicum 

Control 

+ + + + 

++++ 

260 

100 

150 ppm 



300 

115 

300 ppm 

+++ 


270 

104 

450 ppm 

+ 

++ 

220 

78 

600 ppm 

— 

+ 

30 

12 

750 ppm 

— 



— 

+ indicates degrees of visual growth; — no growth 

Table 6 Effect of Dithane M~45 on the growth of blue-green algae (<average of two replicates) 


Treatments 

40 days 

65 days 

80 days 


Visual observation 

Fr wt (mg) 

Index 

I Hapalosiphon welwitschii 

Control 

++++ 

+ + + + 

350 

100 

150 ppm 

H- 

+ 

50 

14 

300 ppm 

— 

— 


— 

450 ppm 

— 

— 

— 

— 

600 ppm 

— 

— 

— 

— 

750 ppm 

— 

— 

Mi 

— 1 

11 Hapalosiphon confervaceus 

Control 


+ + + + 

240 

100 

150 ppm 

+ 

— 


— 

300 ppm 

— 

— 

- 4 

— 

450 ppm 

— 

— 


— 

600 ppm 

— 

— 

— 

— 

750 ppm 

— 


— 

— 

m. Nostoc microscopicum 

Control 

+ + + + 

+ + + + 

250 

100 

150 ppm 

— 

Mi 

— 

— 

300 ppm 

— 

— 

— 

— 

450 ppm 

— 


— 

— 

600 ppm 


— 

— 

— 

750 ppm 

— 

— 



•f indicates degrees of visual growth; 

-r no growth 
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Table 7 Effect of Deltan-75 on the growth of blue-green algae (average of two replicates) 


T refrnwita 40 days_ 65 days _ 80 days 



Visual observation 

Fr wt (mg) 

Index 

I. Hapabsiphon welwitschu 

Control 

+++ + 

+ + + + 

400 

100 

150 ppm 

+ 

+ 

— 

— 

300 ppm 

+ 

+ 

MM 

— 

450 ppm 

+ 

+ 

— 


600 ppm 


— t 



750 ppm 

— 

—• 

— 


II. Hapabsiphon cortfervaceus 

Control 

++++ 

++ + + 

250 

100 

150 ppm 

+ 

+ 


— 

300 ppm 

+ 

+ 


— 

450 ppm 

+ 

+ 

— 

— 

600 ppm 

+ 

+ 


— 

750 ppm 



— 

•-* 

HI. Nostoc nucroscopicum 

Control 

++++ 

+ + + + 

260 

100 

150 ppm 

+ 

+ 

30 

n 

300 ppm 

— 

MS 

— 

— 

450 ppm 

— 


— 


600 ppm 

— 

— 


f— 

750 ppm 

— 

- 

- 


+ indicates degrees of visual growth; — no growth 

Table 8 Effect of Phorate-10 on the growth of blue-green algae (average of two replicates) 


Treatments 

40 days 

65 days 

80 days 


Visual observation 

Fr wt (mg) 

Index 

I. Hapabsiphon welwitschu 

Control 

+ + + + 

+++ + 

300 

100 

20 ppm 

4- + + + + 

+ + +++ 

320 

107 

40 ppm 

+ 4-4-4- 

+ +++ + 

300 

100 

60 ppm 

+ + + 

+ + + + 

280 

93 

80 ppm 

++ + 

+ + + + 

300 

100 

100 ppm 

+ + 

+ + + + 

270 

90 

120 ppm 

+ + 

+ + + + 

300 

100 

Hapabsiphon confervaceus 

Control 

+ + + + 

+ + + + 

250 

100 

20 ppm 

+ + + + 

+++++ 

250 

100 

40 ppm 

++++ 

++++++ 

260 

104 

60 ppm 

+ + + + 

++++++ 

260 

104 

80 ppm 

+ + + + 

+ + + + + 

270 

108 

100 ppm 

+ + + + 

+++++ 

250 

100 

120 ppm 

+ + + 

+ + + + + 

240 

96 

m Nostoc nucroscopicum 

Control 

+ + + + 

+ + + + 

260 

100 

20 ppm 

+ + + + + 

+++++ 

200 

77 

40 ppm 

+ + + + + 

+ + + + + 

220 

85 

60 ppm 

+ + + + + 

+++++ 

250 

96 

80 ppm 

+ + + + 

+ + + + + 

250 

96 

100 ppm 

++++ 

+ + + + + 

200 

77 

120 ppm 

++++ 

+ + + + 

220 

85 


+ indicates degrees of visual growth 
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Observations and Discussion 
Spore Germination 

It is evident from the observations recorded in table 1, that Dithane completely suppressed 
spore germination in the three algae, while the algae responded differently to the other pesticides 
studied. Th<s BHC completely suppressed spore germination in H. welwitschii and N.microscopicum. 
Deltan exhibited similar effect on N. microscopicum ; other treatments recorded partial suppres¬ 
sion. It is also interesting to note that Phorate enhanced percent germination by three folds in 
H welwitschii and exhibited complete and partial suppression in H. confervaceus and 
N. microscopicum, respectively. 

Spores of blue-green algae can serve an ideal material as bioindicators. These unicellular 
structures can be easily obtained both in cultures and natural collections, and can be preserved over 
long periods. In addition, they are extremely easy to handle and the studies could be quite econo¬ 
mical. However, it is striking to note that no report is available on this aspect. Most of the studies 
on algal bioassay are confined to Chioreila, Euglena and like organisms (Buttler 1977, McCann 
& Culhmore 1979). 

Eventhough the present study is a preliminary step towards the establishment of algal spores 
as bioassay organisms, the observations recorded here hint to the feasibility of evolving a simple 
and economical method. This is possible if similar work is conducted on an extensive line to attri¬ 
bute the differential response of spores to the presence of the active ingredients of the pesticides 
or to their degradation products. Differential response of the spores of three algae under present 
study can very easily be utilised for predicting the presence or otherwise of active ingredients in 
the medium. For example, Phorate at less than 1 ppm enhanced percent germination by three 
folds in H. welwitschii, while it was completely or partially suppressed in H. confervaceus and 
N. microscopicum. The differential response was also recorded in case of BHC and Deltan. 

Growth 

Observations presented in tables 2-8 indicate that the three algae studied showed varied response^ 
to the pesticides. Complete inhibition of growth was recorded m case of Dithane, Deltan 
and Aldrex at higher concentrations. In many of the other treatments, initial suppression of growth 
was followed by gradual recovery, and the algae recorded satisfactory growth at later periods of 
incubation, as found in case of Aldrex, Rogor and Phorate. 

Differential tolerance of the strains of nitrogen-fixing blue green algae to pesticides has been 
reported by a few others also (Venkataraman & Rajyalakshmi 1971,1972, Sardeshpande & Goyal 
1982). Subramanyan (1982) also recorded initial inhibition and later stimulation of growth of 
Anabaena strains by BHC, Carboryl and Dithane M-45. Such effect might be due either to 
the gradual a d ap tability of the algae to pesticides, or to the detoxification of the degradation 
products of the pesticide during long periods of incubation 

With the present observations in mind, we feel that the growth and spore germination of the 
blue-green a lgae can be used for bioassay of pesticides Failure or enhancement in germination of 
spores of selected organisms with known response patterns can indicate the presence of active 
ingredients of the respective pesticide Initial suppression followed by gradual recovery of growth, 
as observed m the present study, can indicate the stage of degradation of the pesticide in the 
medium. Simple agar plate cultures or moist soil cultures for germination, and liquid nutrient 
media, soil-water biphasic or soil extract cultures for growth may be useful in such studies. It 
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is suggested that further studies might help in establishing the bioassay procedures. Studies with 
different concentrations and observations at different intervals might also establish the 
degradation pattern. 
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Monitoring Environmental Chemicals by Chromosomal 
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Introduction 

The great strides in industrialization, chemical synthesis and nuclear energy have occurred during 
the past few decades. One or another kind of chemical is being used for almost every activity in 
our daily life. It is estimated that out of 2,00,000 known chemical compounds, approximately 
27,000 are being used commercially. Among the various kinds of chemicals which are being pumped 
into our biosphere, the pesticides are one of the most biologically reactive one and are being added 
into the ecosystems m large amounts. In India, SI,308 MT of pesticides were consumed in the year 
1981-82. Pesticides are usually distributed by natural means, but unlike other natural pollutants, 
such as dust, they tend to retain much of their biocidal activity for fairly large periods. Many of 
the pesticides are known to persist for long periods m the environment and their concentration 
builds up geometrically as they are transferred to different stages of food-web However, the 
subtle danger of widespread use of the pesticides lies m the possibility of their causing mutations 
at germ cells resulting m the accumulation of heritable abnormal genes in the population or may 
cause mutations of somatic cells resulting in the formation of malignant cells in the individuals. 
Several biogenetic assays to monitor these compounds in the several ecosystems are being worked 
out These genetic assays not only monitor the presence of environmental chemicals but measure 
their hazardousness too. Among the plant systems, several bioassays, viz, chromosomal aberration 
assays in Allium cepa, Vicia faba and Hordeum vulgare; chlorophyll-deficient mutants in barley, 
the staminal hair test in Tradescantia, and the mutability of waxy locus pollens m barley, rice and 
com are the most popular ones Grant (1978) advocated the acceptance of higher plant system, parti¬ 
cularly of individual chromosomal aberrations as the first-tier assay for detection of environmental 
mutagens. Constantin & Nilan (1982), Constantin & Owen (1982) and Grant (1982) published the 
reports of the Committee constituted by US Environmental Protection Agency Gene-Tox Program, 
proposing the feasibility and desirability of adopting chromosomal aberration assay in Hordeum 
vulgare and Allium as one of the bioassays for evaluating the environmental chemicals for their 
genotoxic effect They listed several advantages of these bioassays such as few (2n = 2x = 14,16 in 
H. vulgare and Allium cepa, respectively) and relatively large chromosomes; extensive radiation- 
induced chromosomal aberration studies, and well-known relatively simple, quick inexpensive and 
easy to learn protocol. In addition to these, similarity m the structure of plant and mammal'an 
chromosomes, similarity in response to mutagen, totipotency of plant cells and unique adaptation 
of plants for m situ studies, are the other advantages Keeping in view these recommendations, we 
have initiated an extensive programme to evaluating the pesticides for the genotoxic effects. The 
studies are also being carried out to evolve a protocol for monitoring the pesticides in the soil. 
The current report reviews few studies done with 15 pesticides demonstrating the efficacy of chro¬ 
mosomal aberrations in plants in monitoring the genotoxic effects of environmental chemicals. 
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Materials and Methods 

Barley (Hordeum vulgare) grains were treated with 12 pesticides (table 1) and one known chemical 
mutagen-N-nmthyl-N'-mtro-N-nitrosoguanidme (MNNG) as a positive control. The procedure of 
Wuu and Grant (1966) was adopted for treatment. The seeds were presoaked in water for 16 hr at 
25°C followed by treatments with various concentrations of each pesticide (table 1). The concen¬ 
tration was calculated on the weight-basis of the active ingredient dissolved in phosphate buffer 
(pH 7.0). During the treatment, the flasks were continually shaken at SH* horizontal shaker After 
the treatment, the seeds were thoroughly washed with distilled water and germinated in 10 cm 
Petri-plates lined with blotting sheets. The emerging root-tips were taken and either pretreated 
with 0.0029M 8-hydroxyquinoline for 2 hr at 15°C, or fixed as such The pretreated root-tips were 
washed with distilled water 6-8 times and then fixed in freshly prepared Farmer’s fluid (1 glacial 
acetic acid: 3 ethyl alcohol) and squashes were prepared according to the method of Darlington & 
La-Cour (1976), employing aceto-orcein stain. Approximately 200 cellsfrom at leastfive root-tips 
with 30-50 cells from each tip were scored to determine the frequency of aberrant cells Care was 
taken to exclude incomplete cells so as not to have any confusion regarding an aneuploid cell. 
The slides were scored blind. The experiment was repeated and the resulting data were pooled. 

Young onion bulbs of uniform size were selected and denuded by removing the outer loose 
scales The bulbs were scrapped at the bottom to expose root pnmordia The bulbs were submerged 
in tap water in the couplin jars to about one-quarter depth of the bulb at 25°C. The water was 
changed daily The bulbs with emerging root-tips were treated by transferring them to couplin 
jars containing a desired concentration of pesticide. Treatment with phosphate buffer (pH 7.0) 
and MNNG constituted the negative and positive control-respectively. After the treatment, the 
bulbs were transferred to buffer alone for 20 hr (recovery period), prior to fixation or pretreatment. 
The root-tips were either pretreated with 0 5 % colchicine or 8-hydroxyqumohne in order to score 
out the aberrations at metaphase. Some of the root-tips were not given any pretreatment m order 
to score at anaphase or later stages. The root-tips were thoroughly washed with tap water and fixed 
m Farmer’s fluid The methods of preparing squashes and scoring are essentially the same as 
mentioned above m case of barley root-tip cells (RTCs). 

In situ Treatment 

% 

In order to monitor pesticide in the soil by chromosomal aberrations m root tip cells (RTCs), 
an experiment was designed where onion bulbs were sown in the pots whose upper layer of soil 
had been mixed with a desired concentration of thimet (a granular preparation of phoiate) For 
the present study, the normal, 10-times and 50-times the recommended doses were used. 

Results and Discussion 

The root tip-cells (RTCs) of pesticide-treated barley sceds/onion bulbs were examined critically 
to assess the pesticide-induced cyto/chromotoxic effects Tables 2 and 3 give the details of the 
frequency and types of the cyto/chromotoxic effects noticed with different pesticides It is evident 
from the tables that besides causing clastogemc effects, the pesticides cause several other cytotoxic 
effects such as stickiness, spindle abnormalities, laggards, etc These studies are m agreement with 
earlier observations which have been reviewed by Grant (1982a,b) The clastogemc effect is a 
direct measure of genetic damage. At the same time, it has been recognized that cytotoxic effects 
while not necessarily affecting DNA directly result in chromosomal segregation errors aud therefore, 
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Table 1 Common as well as chemical names and dosejs of pesticides used 


S.No. Common name/ 
other names 


1 # Anthio R 
Formotbion 
AflxX 


2. Diazinon R 

pfl Tinnn 

Basuden 

Spectracide 

Diazotol 

Neocidal 

Nucidal 

3. Dursban R 
Chlorpynfos 
Lorsban 

4. Ekalux R 
Quinalphos 

5. Ekatm R 
Thiometon 

6. Fenthion R 
Baycid 
Baytex 
Entex 
Lebaycid 
Mercaptophos 
Queletox 
Tiguvon 

7. Fohthion R 
Fenitrothion 
Sumithion 
Aocothion 
Cytel 
Cyfen 

8. Kitazm R 


9. Malathion* 
Cythion 
Malathiozol 
Malathio Zoo 

10. Metasystox R 
Demeton-S-methyl 

11. Methylparathion R 
Fohdol 
Metacide 
Bladen M’ 

Nitrox 80’ 


CAS Registry Chemical name 
number 

Dose range 
used(%) 

Manufacturers) 

2540-82-1 

S-(N-formyl-N-methyl- 

carbamoylmethyl) 

0,0-dimethylphosphoro 

dithioate 

0 1.0.5 

Sandoz (India Ltd. 
Thane 

333-41-5 

0,0-diethyl 0-2-isopropyl- 

6-methyIpynmidin-4-yl 

phosphorothioate 

0.2-1.0 

Motilal Pesticides 

(India) Pvt Ltd., 
Mathura 

2921-88-2 

0,0-diethyl 0-(3,5,6-tri- 
chioro-2-pyridyl) phosphoro¬ 
thioate 

0.2-1 0 

-do- 

13593-03-8 

0,0-diethyl 0-2-quinoxalm 
2-yl phosphorothioate 

0.1-0.5 

Sandoz (India) Thane 

640-15-3 

S-2-ethylthioethyl 0,0-0-di- 
methyl phosphorodithioate 

0.5-1 

Rallis (India) Pvt Ltd* 
Bombay 

55-38-9 

0,0-dimethyl 0-4-methyl- 
thio-m-tolyl phosphoro¬ 
thioate 

.025-0 1 

Bayer (India) Ltd. 
Bombay 

122-14-5 

0,0-dimethyl 0-(3-methyl- 
4-mtrophenyl) phosphoro¬ 
thioate 

,025-1.0 

Bayer (India) Ltd., 
Bombay 

26087-47-8 

S-benzyl 0,0-di-isopropyl 
phosphorothioate 

0.025-0.1 

Pesticides India 

Udaipur 

121-75-5 

S*l,2-bis (ehoxycarbonyl) 
ethyl 0,0-dimethyl 
phosphorodithioate 

0 05-1 0 

-do- 

919-86-8 

S-2-ethyIthioethyI O.O- 
dimethyl phosphorothoiate 

0 05-1.0 

Bayer (India) Ltd t 
Thane 

298-00-0 

0,0-dimethyl 0-4-mtro- 
phenyl phosphorothioate 

.05-1.0 

Pesticides India, 

Udaipur 
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TaWe 1 (Contd.) 

12. Phendal R 
Phenthoate 
F.kan 

Cidial 

13 Phorate 
Thimet R 

14 Rogor R 
Dimethoate 
Fostion 
Roxion 

15. Thiodan R 
Endosulfan 
Cyclodan 
Beosit 
Malix 
Thimul 
Tnfor 


2597-03-7 

S-ethoxycarbonylbenzyl 
0,0-dimethyl phosphoro- 
dithioate 

0.2-1.0 

Bharat Pulversing 
Mills Pvt. Ltd, 
Bombay 

298-02-2 

0,0-diethyl S-ethylthio- 
methyl phosphorodithioate 

0 5-1 

Pesticides 

Udaipur 

India 

60-51-5 

O.O-dimethyl S-methyl 
carbamoylmethyl phosphoro¬ 
dithioate 

0 01-0 05 

Rallis (India) 
Bombay 

Ltd, 

115-29-7 

1,4,5,6,7,7-hexachloro 

8,9, lO-trinorbom-5-en 

2,3-ylonedimethyl sulphite 

025-0 1 

Bayer (India) 
Bombay 

Ltd, 


Table 2 Mitotic analysis following treatments with organophosphorus pesticides in Allium cepa 



Control 

Ekatrn 

(%) 

Fenitrothloo 

(1%) 

Methyl- 

parathion 

Phorate 

0%) 

In situ 
treatment of 
phorate (1 5g/ 
19 664sq ”) 

Total number of cells observed 

2836 

4525 

7145 

7853 

6582 

12491 

Dividing cells 

557 

647 

883 

581 

492 

1175 

ML 

19 64 

14 29 

12 35 

7 39 

7 47 

9 41 

Bndges 

— 

31 

42 

83 

11 

11 

Laggards 

— 

— 

— 

10 

2 

9 

Anaphase with fragments 

— 

20 





Dmucleated cells 

— 

26 

12 

39 

24 


Micronuclei 

— 

7 

5 

_ 



Multipolarity 

— 

5 

4 

8 

10 

4 

Vagrant chr 

— 




5 

27 

Delayed anaphase 





6 

29 

Rmg formation 



5 

4 

13 

2 

Chr doubling 

— 

13 

4 

_ 

5 

23 

Chr breakage 

— 

— 

17 

13 

39 

8 

Despiralisation 

— 


7 

5 



Stickiness 



18 


29 

4 


End to end joining of chromo- 2 

some 


Per cent Ab cells 


16 07 


12 91 


27 88 


23.86 
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Table 3 Mitotic analysis following treatments with organophosphorus pesticides in barley 


Treatment 

(%> 

Total 
number 
of cells 
observed 

Fragments 


Ring 

Lag¬ 

gards 

Bridges 

In¬ 

creased 

chromo¬ 

some 

Multi¬ 

polarity 

Percent 

aber¬ 

rant 

cells 

Single 

Double Multiple 

cnronur 

somes 


Control 

254 

— 

— 

— 

— 


___ 

. . 

~ - 


Anthio (0 5) 

192 

10 

— 

3 

2 

2 

3 

— 

5 

10.42 

Diazinon (1.0) 

218 

10 

6 

6 

— 

— 

— 

2 

— 

11 0 

Dursban (1 0) 

249 

16 

4 

— 

— 

4 

6 

— 

— 

12.05 

Ekalux (0.5) 

172 

7 

— 

— 

1 

2 

3 

— 

3 

9.30 

Methylparathion(0.75) 

219 

19 

2 

— 

— 

0 

10 

— 

— 

18.26 

Phendal(l 0) 

182 

6 

2 

— 

— 

— 

6 

2 

— 

8.79 

Rogor (0.05) 

217 

22 

3 

— 

2 

5 

2 

4 

— 

17.51 

Sumithion(l 0) 

212 

11 

— 

— 

— 

— 

4 

— 

— 

7.07 

Thiodan (0 1) 

268 

— 

7 

14 

— 

4 

9 

2 

— 

13.43 

Lebaycid (0.1) 

194 

5 

9 

2 

— 

6 

12 

— 

— 

17.52 

Kitazm(O.l) 

230 

19 

11 

— 

— 

— 

11 

21 

— 

27 39 

Metasystox (1 0) 

230 

— 

10 

— 

— 

10 

— 

6 

5 

13.48 

Malathion(l 0) 

200 

10 

— 

2 

— 

13 

15 

8 

— 

24 00 


should be considered significant genetically. A»number of studies which have been carried out 
with root-tip meristems of plants and those found in mammalian cell systems, suggest a correlation 
between them (table 4) It is true that the type of chromosome-aberrations induced by a specific 
chemical may not be same in plant cells as found in animal cells; but if a particular chemical will 
induce chromosome aberrations m one group, generally it will do so in the other as well. Several 
studies (Grant 1978, 1982) have shown that plant chromosomes are sensitive indicators to environ¬ 
mental pollutants The present studies revealed that chromosomal aberrations m root meristems 
of plants, especially of onion and barley, may be employed to monitor the environmental 
chemicals of the polluted sites. 

The manifestation of chromosomal breaks (clastogenic effects) as well as physiological 
changes in the root meristems of the onion, made to germinate m the pots, where thimet was mixed 
in the upper surface of the soil, suggest that the pesticides rapidly penetrated the roots and induced 
the genetic damage Such results prompt one to suggest that such a system may be used to monitor 
the state of soil environment. Grant (1978) investigated the chromosomal aberrations of the weeds 
in the polluted localities and suggested the in situ potentiality of chromosomal aberrations as a 
monitoring system. Constantin and Nilan (1982), also, suggested the potentiality of in situ studies. 
The potentiality of chromosomal aberrations in monitoring the soil suspected to be enriched with 
uranium or other radioactive elements may also be exploited. 
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Table 4 Comparison of mutagenic effects of organophosphorus pesticides m plant and animal bioassays 


Pesticide Muta- Reference 

gemcity 
in plant 
system 


Muta- Reference 

genicity 

mammal 

system 


Amitrole + 

Apholate + 

Atrazine + 

Captan + 

Carbafluran -f 

2,4-D + 

1,2-dibromoethane + 

Dichlorvos + 

DDT + 

Dieldrin + 

Duisban + 

Ekatin + 

Ethylene dibromide — 

Folithion + 

Griseofulvin 4- 

Hempa — 

Heptachlor 4- 

Malathion -f 

Mercury compounds *f 

Methylparathion + 

Phorate + 

Phosphamidon + 

2,4-T + 

Tepa + 


Mohandas and Grant 1972 

—. 

Nrnan and Wilson 1969 

+ 

Liang and Liang 1972 

+ 

Stroev 1970, 

Wuu and Grant 1966 

deKergommeaux et al. 1983 

+ 

Sathaiah et al. 1974 

— 

Amer and Ali 1974 

+ 

Mohandas and Grant 1972 

Rannug 1980 

+ 

Bhan and Kaul 1975 

+ 

Sax and Sax 1968 

Scholes 1955 

+ 

Vaarama 1947 

Markaryan 1967 

+ 

Scholes 1955 

Amer and Farah 1983 

+ 

Our observation 

— 

KnstofFersson 1974 

— 

Our observation 

+ 

Pagat and Walpole 1958 

+ 

Nraan and Wilson 1969 

—- 

Scholes 1955 

+ 

Our observation 

+ 

Fiskesjo 1969 

H" 

deKergommeaux 1983 

+ 

Singh et al. 1978 

+ 

Wuu and Grant 1966 

+ 

Sawamura 1964 

+ 

Adler etal 1971 

+ 


Meretojoetal 1976 
Chang and Klassen 1968, 
Klassen et al. 1969 

Yoder etal 1973 

Vigfusson and Vyse 1980 
Stroev 1970 
Styles 1973 

Rannug 1980 

Budges etal 1973 
Dean and Thorpe 1972 

Lessa et al. 1976 
Kelly-Garvert and Legator 1973 

Markarayana 1966 

Amer and Fahmy 1982 
Grover and Malhi 1984 
KnstofFersson 1974 
Grover and Malta 1984 
Decarli et al 1973 
Chang and Klassen 1968 
Corey etal 1973 
Duloutetal 1983 
Fiskesjo, 1970 
Grover and Malhi 1984 

Grover and Malhi 1984 
Sobti et al. 1982 

Georgian 1974 

Majumdar and Hall 1973 

Chang and Klassen 1968 
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Bioindicators for Non-biotic Natural Resources in 
Varahamihira’s Brihat Samhita 

E A V PRASAD 

Department of Geology, Sri Venkateswara University, Tirupati 517502 


Abstract 

Varahamihira (AD SOS-587), in his magnum opus Brihat Samhita (master collection), through 
certain fundamental laws of tropical ecology, has described the hydrologic indicators consisting 
of various biologic and geologic interactions in a micro-environment overlying a groundwater 
reservoir in an and or semiarid region. These indicators have been arranged in series with pro¬ 
gressive increase in the depth of ground water ranging from 2.3 m (7'-6*) to as much as 172 m 
(563'). Among these indicators, emphasis is placed on bioindicators, particularly plants and 
termite mounds. 

Based on the root system, the recognised plant indicators consist of: (a) the phreatophytes 
with or without termite mounds at their base; and (b) the plants with progressive effects of mor¬ 
phologic and mutational changes, related to genetically-controlled and environmentally-induced 
adaptations resulting from high relative humidity or consequent reduced transpiration. 

Among innumerable cases of ecologic similarity of taxonomically diverse species, only a 
typical ecotype with equivalent mdicational significance has been cited as a plant indicator with 
due recognition of its ecologic amplitude and geographic replaceability. 

One of the fundamental laws, enunciated by Varahamihira, states that plant response is the - 
same for both water-excess or water-deficit and nutritional deficiency or heavy metal toxicity; from 
this, it follows that the plant indicators are the same for both ground water and metalliferous ore 
deposits. Hence, in some cases, a plant indicator has been described as a collective term, consisting 
of two or more plant characteristics so that the indicator may not suffer from “plurality of causes” 
The well-defined adaptations, followed by taxonomically diverse species to endure either 
high relative humidity or heavy metal toxicity, are the distinguishing characters of the plant indi¬ 
cators This fundamental concept has not been recognised in modem geobotany in which taxo¬ 
nomic species are identified as plant indicators which are classified, with contradictory definitions, 
into “universal indicators” and “local indicators”. 

Based on Varahamihira’s work, plant indicators of a heavy metal ore deposit in a geologic 
and geographic set up which consits of: (a) the plant species tolerant to the toxic effect of the ore 
element; and (b) the morphologic and mutational changes in plants due to heavy metal toxicity. 
These indicators have to be suggested invariably with reference to the depth of occurrence of 
the ore body together with its tenor and mineralogy 

Termite mound, commonly associated with vegetation, is an important bio-indicator for both 
ground water and metalliferous ore deposits. 
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Biomdicators in true perspective can be recognised only through observation, involving 
regulated perception of ecological relations, as presented m nature but not through artificial 
laboratory experiments The correlations are being dimly traced and understood by modem 
researches as the synthetic approach needed for such correlations overlap and transcend the self- 
limitations of various branches of modem sciences. 
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Plant Indicators of Heavy Metals 

Y D TIAGI and N C AERY 

Department of Botany, College of Science, Sukhadia University, Udaipur 313001 

Plant Committee As Indicators 

Though individual plant species have been extensively used as indicators of different metals, 
Karpinsky (1841) placed more reliance on the use of plant communities. 

Several workers have examined the plant communities found on metal-contaminated soils 
using the techniques of phytosociology pioneered by Braun-Blanquet (1932). Schwickerath (1931), 
Koch (1932), Schubert (1953, 1954a), Ernst (1965, 1968a) and Baumeister (1967) have examined 
the communities growing on zinc and copper-contaminated soils in Germany. This work has 
been extended to Holland by Hetmans (1936), to France by Ernst (1966) and to Great Britain by 
Schimwell (1967) and Ernst (1968b, 1968c). These workers have shown that plants on contami¬ 
nated soils form definite distinct associations which can be easily identified and named. Keys 
identifying communities of a particular country or area frequently include mention of associations 
on metal-contaminated soils (cf. Tuxen 1937, Lebrum et al. 1949). 

Schwickerath (1931) was the first to study in detail communities on toxic soils of lead/zinc 
near Aachen, Germany. These were named as belonging to the association Violetum calaminariae 
(order Mesobrometum, class Festuco-Brometa). The association was further subdivided into 
vegetation types or ‘facies’ which were regarded as representing different ecological conditions. 

Koch (1932) in a brief study of communities on zinc-contaminated soil near Osnabruck, 
Germany, considered these to belong to another association, the Mmuartia vema - Thalaspi alpestre 
association. 

Schubert (1953,1954a, b) studying communities on lead, zinc and copper soils recognised the 
associations Armerietum bottendorfensis and Armerietum halleri, characterised by species of the 
genus Armeria 

Heimans (1936) noted the similarity of the vegetation in Holland with the Violetum calamina- 
riae of Schwickerath (1931) with the exception that Mmuartia vema was absent and Agrostis 
vulgaris (A tenuis ) was a dominant member 

Ernst (1965) reviewed the classification of plant communities on metal deposit areas by 
previous workers It was found that all these associations had several species in common, namely 
Viola calaminariae, Thalaspi alpestre, Mmuartia vema, Silene vulgaris, Armeria species and Festuca 
ovina but occasionally one or other species was absent It was concluded that the similarities bet¬ 
ween these communities was so great and they were so unlike any other communities that they 
should all belong to one separate class (containing only one order), the Violetea calammanae. 
This class and order could be identified by the consistent members, namely Silene vulgaris and 
Mmuartia vema. 

Ernst (1965) on the basis of additional observations farther divided this class into three 
families: 
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(i) The Armerion halleri of drier habitats in Central Germany; 

(/i) The Thlaspeion calaminanae of Western Central Europe; and 
(iif) The Galio-Minuartion vemae of the alpine regions. 

Ernst (1966) recognised another association in southern Fiance and included this under the 
Thalaspeion calaminanae group. According to Ernst (1968b,c) the mines vegetation in Britain 
could be placed within the same family. 

The work of Ernst demonstrates clearly the utility of phytosociological methods in summari- 
nng the variations among communities on a wide range of contaminated soil types. 

In our investigations of Zawar Zinc deposits over the last one decade (Aery 1978, Tiagi & 
Aery 1982), 10 plant species have been observed to have the highest constancy and fidelity values 
on metal rich soils in comparison to those m the surrounding area. High fidelity appeared to be 
due to the narrowly specialized adaptation of these species to high metal content of the habitat. 
The vegetational unit has been designated as the Impatiens balsamina-Triumfetta pentandra asso¬ 
ciation as both these species have the high abundance-cover values. Similarly Kickxia ramosissima 
and Bidens bitemata were found to have the highest constancy, fidelity and abundance-cover 
values on metal-rich soils on Rajpura-Dariba zinc bearing belt (Singh 1982). 

The above studies had been carried out on known deposits. Table 1 provides examples of 
plant communities actually used in geobotamcal exploration in various countries. 

Table 1 


Element 

Country 

Dominant plant species of the 
community 

Reference 

Cobalt 

Zaire 

Crotdlaria cobalticola Silence 
cobalticola 

Duvigneaud (1959) 

Cobalt, Copper 

Zaire 

Haumamastrum robertu 

H katangense 

Malaisse et al. (1978) 

Copper 

Botswana 

Papua-New Guinea 
South West Africa 
Zimbabwe 

Ecbohum lugardae 

Albizzia sp 

Helichrysum leptolepis 

Celosia trigyna , Becium homblei 

Cole & Le Roex (1978) 

Cole (1980) 

Cole & Le Roex (1978) 

Wild (1968) 

Copper, Lead, Zinc 

Australia 

Polycarpaea glabra , Enachne 
mucronata 

Nicolls et al. (1966) 

Iron 

** 

Acacia patens 

Cole (1965) 

Lead, Zinc 

»» 

Polycarpaea synandra var. gracilis, 
Tephrosia sp 

Cole et al (1968) 

Nickel 

>9 

Hybanthus floribimdus 

Cole (1973), Severne (1972) 


New Caledowa 

Phyllanthus serpentmus , Homalium 
kanaliense. Hybanthus astrocale- 
domcus 

Jeffre (1980) 


Zimbabwe 

Dicoma niccohfera 

Wild (1970) 

Selenium, Uranium 

United States 

Astragalus preussi 

Cannon (1957) 
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Plant Indicators 

Plant indicators of ore deposits are species that are adapted to live exclusively on rocks or soils 
that supply unusual amount of a particular element or have acquired tolerance to high concen¬ 
trations by being able to reject the metal at the root site or may be species of wide distribution that 
favour mineralized ground under certain local conditions because of a change in acidity, water 
conditions or availability of major plant nutrients (Cannon 1960). 

Geobotanical Classification of Indicator Plants 

Malyuga (1964) distinguished two types of indicators, namely ‘Universal’ and ‘Local’. Universal 
indicators are those which require a particular concentration of a metal for their healthy growth 
and fail to grow in non-mmeralized substrates while local indicators are species, adapted to tole¬ 
rate mineralized ground but can grow equally well elsewhere, provided that competition from other 
species is not too intense. 

An attempt to go beyond the simple indicator concept has been made in Belgium by Lambmon 
and Auquier (1964) who produced a semiquantitative classification which was a considerable 
improvement on the early crude concept of indicators (table 2). 

Table 2 

L METALLOPHYTES — Taxa found only on metal contaminated soils. 

(i) Absolute metallophytes —found on metal contaminated soil all over their distribution. 

(it) Local metallophytes — found only on metal contaminated soil within a given region but occurring also m 
a phyto-geographically distinct non-contaminated area. 

II. PSEUDOMETALLOPHYTES — Taxa occurring both on contaminated soils and on normal soils in the game 
region. 

(<) Elective pseudometallophytes —abundant and often more vigorous on contaminated soil. 

(h) Indifferent pseudometallophytes — live on contaminated soil regularly but show neither abundance nor 
particular vitality 

(iu) Accidental metallophytes —Usually weeds and ruderals appearing sporadically and showing reduced 
vigour on metal contaminated soils 

Malyuga’s (1964) ‘universal’ and ‘local’ indicators correspond to the ‘absolute’ and ‘local’ 
metallophytes of Lambmon and Auquier (1964), respectively. 

Jacobsen (1968) on the basis of experience from a wide range of species on copper-bearing 
reef in Rhodesia attempted to define indicator species more precisely The highest and the lowest 
levels of soil copper at which individual species are found were determined and the specific 
indicator value for each species calculated as: 

Highest Cu level + Lowest Cu level 
Average Cu level 

Jacobsen (1968) considered good indicators to be species with an indicator value of four or 
less arising either from the occurrence over a small range of copper levels or from the occurrence 
at high average copper levels. 

The classification described by Lambmon and Auquier (1964) has been used by Auquier 
(1964) and by Demouhn et al. (1967). A related classification (table 3) has been used by Duvi- 
gneaud and Denaeyer-de Smet (1963) who described in detail the vegetation on naturally occurring 
copper outcrops in Katanga. 
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la table 4, an attempt has been made to classify the 10 most significant species collected from 
the zinc deposit areas of Zawar according to the existing geobotamcal classifications. Impatiens 
balsamina falls into the category of local indicator of Malyuga (1964), local mfetallophyte of 
Lambinon and Auquier (1964), Duvigneaud and Denaeyer-de-Smet (1963) and Wild (1968) and 
exclusive characteristic species of Braun-Blanquet (1932) In table S, some of the well-established 
indicator plants are listed. 


Table 3 


I. SPECIALISTS 

Plants growing, cither exclusively or preferentially on metal rich' 
soils. 

Metaiaophytes 

Plants occurring on mineral deposits and capable of tolerating high 
doses of the metals. 

(t) Eumetallophytes 

Plants existing exclusively on mineral deposits, these are the 
absolute and obligatory specialists. 

(«) Local metallophytes 

Plants which grow on soils very nch in metals in a particular 
region but which can grow on non-mineralized substrate in another 
phytogeographically distinct territory. 

Metallophujes 

Plants which grow in the transitoiy zones where the concentration 
of heavy metals is comparatively lesser than the adjacent 
mineralized zones but higher than the normal soils 

H. NON-SPECIALISTS 

Indifferent or facultative species to which a high quantity of metal 
is not absolutely necessary but which can withstand it. 

Metaixoresestants 

Plants which exist both on metalliferous sites and on normal 
soils 


Table 4 


S. No. Name of the plant Position in different classifications 



Malyuga 

(1964) 

Lambinon and 

Auquier (1964) 

Duvigneaud & 
Denaeyer-de- 
Smet (1963), 
Wild (1968) 

Braun- 

Blanquet 

(1932) 

1. Impatiens balsamina Linn. 

Local 

indicator 

Local metallophyte 

Local 

metallophyte 

Exclusively 

2. Acanthospermum hispidum DC 


Elective pseudo- 
metallophyte 

Metailo- 

resistant 

Selective 

3 Hemgraphis latebrosa Nees. 

— 

—do— 

*-do- 

-do- 

4 Melhania futteyporensis 

— 

-do- 

-do- 

-do- 

Munro ex Mast. 

5 Triumfetta pentandra A Rich 

— 

-do- 

-do- 

-do- 

6 Celosia argentea Linn. 

— 

Elective pseudo- 
metallophyte 

-do— 

Preferential 

7 Dyerophytum indicum 

— 

-do- 

-do- 

—do— 

(Gibs, ex Wt.) Ktze 

$ Grewia flavescens Juss. 

— 

-do- 

-do- 

-do- 

9 Lepidagathis trtnervis 

— 

-do- 

—do— 

-do- 

Wall ex Nees 

10. Lmdenbergia muraria 

— 

-do- 

-do- 

—do— 

(Roxb)PI Bruehl. 


Table 5 Indicator Plants 


Uni- Family 
versal/ 

Local 


Common name Locality 


Reference 


S. 

No 


Plant species 


ALUMINIUM 


1. 

Ilex aquifoiium 

L 

Aquifoliaceae 

English holly 

Italy 

Hutchinson (1943) 

2. 

Lycopodium spp. 

U 

Lycopidiaceae 

Club moss 


Malyuga (1964) 

3. 

Symplocos spp 

U 

Symplocaceae Sweet leaf 

BORON 

Umted States 

Hutchinson (1943) 

4 

Eurotia ceratoides 

L 

Chenopodiaceae 

Winter fat 

Russia 

Buyalov and Shuyryayeva (1961) 

5. 

Salsola mtraria 

L 

-do- 

Stalwort 

-do- 

-do- 

6 

Limomum suffruticosum 

L 

Plumbaginaceae Statice 

COBALT 

-do— 

-do- 

7. 

Crassula alba 

L 

Crassulaceae 


Zaire 

Brooks et al. (1977) 

S 

Crotalaria cobalticola 

U 

Legummosae 

Rattle box 

Katanga 

Duvigneaud (1959) 

9 

Haumamastrum robertu 

u 

Labiatae 


Zaire 

Brooks (1977) 

10 

Nyssa sylvatica 

L 

Nyssaceae 

Black gum 

Eastern US 

Beeson etai (1955) 

11 

Silene cobalticola 

U 

Caryophyllaceae Catchfly 

COPPER 

Katanga 

Duvigneaud (1959) 

12 

Aeolanthus biformifolius 

u 

Labiatae 


Zaire 

Malaisse et al. (1978) 

13 

Acalypha dikuluwensis 

u 

Euphorbiaceae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

14 

Acrocephalus simplex 

L 

Labiatae 


Katanga 

Duvigneaud (1958) 

15 

A robertu 

u 

-do- 


-do- 

-do- 

16 

Ascolepsis metallorum 

u 

Gyperaceae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

17. 

Anticharis linearis 

L 

Caryophyllaceae 


India 

Tiagi and Singh (1973) 

18 

Amsopappus hoffmamanus 

L 

Compositae 


Katanga 

Duvigneaud (1958) 

19 

Agrostis alba 

L 

Grammae 

Red top 

Czechoslovakia 

Prat and Kamarek (1934) 

20 

Armena mantima 

L 

Plumbaginaceae 

Common thrift 

Scotland 

Henwood (1957) 

21 

22 

Becium homblei 

B peschianum 

L 

Labiatae 

-do- 

Basil 

Zaire 

—do— 

Howard-Williams (1970) 
Duvigneaud and Denaeyer-de- 
Smet (1963) 

23. 

Blephans cuangensis 

L 

Acanthaceae 


Katanga 

Duvigneaud (1958) 

24 

Bulbostylis barbata 

U 

Cyperaceae 

Bullet wood 

W. Queensland 
Australia 

Nicolls et al (1964, 65), 

Cole (1965a) 


(' Contd .) 
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Table 5 ( Contd ) 


S. Plant species 

No 

Universal/ Family 

Local 

Common name 

Locality 

References 

25. Bulbostylis barbata 

L 

Cyperaceae 


Australia 

Cole (1971) 

26. Cephaloziella massalongu 

L 

Hepattceae 

Liverwort 

Andesmountain 

Douin (1913) 

27 C phyllacantha 

L 

-do- 

-do- 

-do- 

-do- 

28 Cicuta virosa 

U 

Umbelliferae 

European 

Water-hemlock 

Russia 

Malyuga (1964) 

29 Commelina zigzig 

U 

Commelinaceae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1959) 

30 Ecbotium Iugardae 

L 

Acanthaceae 


S.W. Africa 

-do- 

31. Elsholtzia haichowensis 

L 

Labiatae 

Elsholtzia 

China 

Se Sjue-Iszin and Sjuj-Ban-Lian 
(1953) 

32 E. patrini 

L 

-do- 

-do— 

-do- 

Chau-Chin-han (1960) 

33 Enospermum abyssimcum 

L 

Liliaceae 


Katanga 

Duvigneaud (1958) 

34 Eschscholtzia mexicana 

L 

Papaveraceae 

California poppy Arizona, USA 

Lovermg, Huff and Almond 

(1950) 

35. Gladiolus actinomoiphanthus 

U 

Indaceae 


Zaire 

Duvigneaud and Denaeyer-dc 
Smet (1963) 

36 G klattianus ssp angustifolius 

U 

—do— 


-do— 

—do— 

37 G peschianus 

U 

-do- 


-do- 

-do- 

38 G tshombeanus ssp parviflorus 

u 

-do- 


-do- 

—do— 

39 Gutenbergia cuprophila 

u 

Compositae 


-do- 

-do- 

40 Gypsophila patnni 

u 

Caryophyllaceae 

Karum 

Russia 

Nesvetailova (1961) 

41 Gymnocolea acutiloba 

u 

Hepattceae 

Liverwort 

Andes 

mountain 

Down (1913) 

42. Haumamastrum katangense 

u 

Labiatae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

43 H. robertu 

u 

Labiatea 


-do- 

-do- 

44 Hehchrysum leptolepis 

L 

Compositae 


S W. Africa 

Cole (1971) 

45 Icomum Iineare 

L 

Labiatae 


Katanga 

Duvigneaud (1958) 

46. Lmdemia damblonu 

U 

Scrophylanaceae 


Zaire 

Duvigneaud and Denaeyer-dc- 
Smet (1963) 

47. L. perennis 

U 

-do- 


—do— 

-do— 

48 Loudetia simplex 

L 

Graminae 


Katanga 

Duvigneaud (1958) 

49. Lychnis (Viscana) alpina 

L 

Caryophyllaceae 

Alpme 

Campion 

Norway 

Vogt (1942) 

50. Lychnis (Melandnum) sylvestre 

L 

Caryophyllaceae 

Campion 

Czechoslovakia 

Prat and Komarek (1934) 

51 Merceya latifolia 

U 

Musci (Moss) 

Copper moss 

Montana, USA 

Persson (1948) 

52. M. ligulata 

u 

—do- 

—do— 

Azores, Sweden 

-do- 
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53. 

Mielichhoferia elongate 

U 

-do- 

—do— 

Sweden 

—do— 

54 

M. compacta 

U 

-do- 

—do— 

Andes 

Mountains 

Limpncht (1904) 

55. 

M. macrocarpa 

u 

-do- 

-do- 

Alaska 

Shacklette (1967) 

56. 

M. mtida 

L 

-do- 

-do- 

Andes 

Mountains 

limpncht (1904) 

57. 

Oligotnchum hercymcum 

U 

Musci (Bryophyte) 


Alaska 

Cannon (1971) 

58. 

Pandiaka metallorum 

u 

Amaranthaceae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

59. 

Polycarpaea corymbosa 

L 

Caryophyllaceae 


India 

Venkatesh (1964) 

60. 

Polycarpaea spirostylis 

L 

-do- 

Pink 

Australia 

Brooks and Radford (1978) 

61. 

Polygonum posumbu 

L 

Polygonaceae 


China 

Chou-Chm-hom (1960) 

62 

Rendlia cupncola 

U 

Graminae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

63 

Sopubia metallorum 

u 

Scrophylanaceae 


Zaire 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

64 

S neptunn 

u 

—do— 


—do— 

-do- 

65. 

Sporobolus stelliger 

u 

Graminae 


-do- 

—do— 

66. 

S deschampsioides 

u 

-do— 


-do- 

—do— 

67. 

Tephrosiasp nov 

u 

Leguminosae 

Tephrosia 

Australia 

Nicolls et al. (1964,1965) 

68. 

Vemoma cinerea 

L 

Compositae 


India 

Venkatesh (1964) 

69 

V. ledocteanus 

u 

-do- Zaire 

COPPER AND MOLYBDENUM 

Duvigneaud and Denaeyer-de- 
Smet (1963) 

70. 

Astragalus declmatus 

L 

Leguminosae 

DIAMONDS 

Russia 

Malyuga (1964) 

71 

Vellozia Candida 

L 

Amaryllidaceae 

GOLD 

Brazil 

Spix and Martius (1923-28) 

72. 

Alpma speciosa 

L 

Zmgiberaceae 

Shell flower 

gulflngal 

-do— 

Dorn (1837) 

73 

Gecropia laetivirens 

L 

Moraceae 

Snake wood 
tree 

-do- 

-do- 

74 

C lyratiloba 

L 

-do- 

—do- 

-do- 

-do- 

75. 

Cecropia palmate 

L 

Moraceae 

Silver leaf pump 
wood 

Brazil 

Dom (193?) 

76 

Lomcera confusa 


Capnfoliaceae 

Honey suckle 

Queensland 

Nemec and Aborsky (1936) 

77. 

Papaver hbanoticum 

L 

PapaYeraceae 

Poppy 

-do- 

Linstow (1929) 

78 

Typha dominguensis 

L 

Typhaceae 

Cattail 

Brazil 

Dorn (1937) 

79. 

T. latifolia 

L 

-do- 

-do- 

-do— 

-do- 

(Corttd.) 
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Table 5 (Contd.) 


Universal/ Family 
Local 


Common name Locality 


References 


S 

No 


Plant species 


IRON 


80. Acacia patens 

L 

Leguminosae 


Australia 

Cole (1965) 

81 Alectorrolophus major 

L 

Scrophulanaceae 

Rattle pod 

Vorpom-Mem 

Lmstow (1929) 

82 A. minor 

L 

Scrophulanaceae 

Little rattle pod 

-do— 

-do- 

83. Betula sp. 

L 

Betulaceae 

Birch 

Germany 

Lidgey (1897) 

84 Burtoma polyzyga 

L 

Leguminosae 


Australia 

Cole (1965) 

85 Calythnx longiflora 

L 

Myrtaceae 


-do- 

-do- 

86. Chenopodmm rhadmostachyum 

L 

Chenopodiaceae 


-do- 

—do— 

87 Cinchona ferruginea 

L 

Rubiaceae 

Cinchona 

Brazil 

Lmstow (1929) 

88. Clusia rosea 

L 

Guttiferae 

Copey clusia 

Venezuela 

Buck (1951) 

89 Dacrydium caledomcum 

L 

Podocarpaceae 

Dacrydium 

New Caledonia 

Jolis (1861) 

90. Dammara ovata 

L 

Araucariaceae 

Dammar pme 

-do- 

-do- 

91. Enachne dominn 

L 

Graminae 


Australia 

Cole (1965) 

92 Eutassa intermedia 

L 

Araucanaceae 


New Caledonia 

Jobs (1861) 

93. Goodema scaevolina 

L 

Goodemaceae 


Australia 

Cole (1965) 

94. Hakea spp 

L 

Proteaceae 

Makea 

—do— 

Lmstow (1929) 

95. Mynca spp. 

L 

Myricaceae 

Sand Myrtle 

Venezuela 

Cole (1965) 




LEAD 



96. Arenana spp. 

L 

Caryophyllaceae 

Sandwort 

Northern Wales 

—do— 

97 Baptisia bracteata 

L 

Leguminosae 

Wild indigo 

Wisconsin, USA 

Nicolls et al (1964, 65) 

98. Enachne mucronata 

L 

Graminae 


Queensland 

-do- 

99. Lmdenbergia murana 

L 

Legummosae 

Linden 

India 

Aery (1978) 

100 Tussilago farfara 

L 

Compositae 

Colted foot 

Northern Wales 

Lmstow (1929) 




LITHIUM 



101. Lycram barbarum 

L 

Solanaceae 

Desert thorn 


Lmstow (1929) 

102. Thahctrum medium 

U 

Ranunculaceae 

Meadowrue 


Linstow (1929), Vinogradov 






(1952) 




MANGANESE 



103 Crotalana flonda var. congolensis 

L 

Leguminosae 


Zaire 

Duvigneaud (1958) 

104. Digitalis purpurea 

L 

Scrophulanaceae 

Common fox 

Katanga 

-do- 




glove 



' 105. Maytenus bureauvianus 

L 

Celastraceae 


New Caledonia 

Jaflre (1977) 

106 Mechovia grandiflora 

L 

Amaranthaceae 

Amaranth 

Katanga 

Duvigneaud (1958) 
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107 Polygala baumii 

L 

Polygalanceae 

Polygala 

MERCURY 

-do— 

-do- 

108 Stellana setacea 

L 

Caryophyllaceae 

Starwort 

NICKEL 

Spam 

Dom (1937) 

109. Allysum bertolonu 

U 

Cruciferae 


Italy 

Minguzzi and Vergnano (1948) 

110. Allysum pintodosilvae 

U 

-do- 


Portugal 

Meneges de sequeire (1968) 

111 A. spp of section odontarrhena 

112. Asplemum adultenum 

u 

L 

-do- 


S Europe 
Norway 

Brooks and Radford (1978) 
Vogt (1942) 

113. Hybanthus austrocaledonicus 

U 

Violaceae 


New Caledonia 

Brooks and Jaffre (1974) 

114. H. flonbundus 

L 

—do— 


Australia 

Cole (1973) 

115 Lychnis (viscana) alpma 

L 

Caryophyllaceae 

Alpine 

campion 

Finland 

Tanner (1930), Rune (1953) 

116. Pulsatilla patens 

L 

Cruciferae 

PHOSPHORUS 

USSR 

Storozheva (1954) 

117 Convolvulus althaeoides 

L 

Convolvulaceae 

Bmd weed 

Spam 

Lidgey (1897) 

118. Caragana frutex 

L 

Leguminosae 

Pea shrub 

Russia 

Vostokova and Zhdanova 
(1961) 

119 Falcanasivini 

L 

Umbelliferae 

SELENIUM 

Germany 

Linstow (1929) 

120. Aplopappus (Oonopsis) spp. 

U 

Compositae 

Golden weed 

Western USA 

Trelease and Beath (1949) 

121. Astragalus beathi 

U 

Leguminosae 

Poisonvetch 

Arizona, USA 

-do- 

122 A bisulcatus 

u 

-do- 

—do— 

Western US 

-do- 

123. A crotalanae 

u 

-do- 

—do— 

-do— 

-do- 

124 A. diholcos 

u 

—do— 

-do- 

Wyoming, 

Colarado 

-do- 

125 A eastwoodi 

u 

-do- 

-do- 

Utah, USA 

-do- 

126. A ellisiae 

u 

-do- 

-do- 

New Mexico, USA -do- 

127. A grayi 

u 

-do- 

-do~ 

Wyoming, 
Montana, USA 

—do— 

128 A moenkopensis 

u 

—do— 

—do— 

Utah, USA 

-do- 

129 A oocalysis 

u 

-do- 

-do- 

Colorado, 

New Mexico 

-do- 

130. A. osterhauti 

u 

-do- 

-do- 

Colorado, USA 

~do— 

131. A pectmatus 

u 

-do~ 

-do- 

Western US 

-do 

132 A racedcns 

u 

-do- 

-do- 

Colorado, 

New Mexico 

—do— 

(Contd.) 


(i Contd.) 
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Table 5 (Could) 


S.No. Plant species 

Universal/ Family 

Common name 

Locahty 

References 


Local 





133. A. racemosus 

U 

Leguminosae 

Poisonvetch 

Weston US 

-do- 

134 A toanus 

U 

-do- 

—do— 

-do- 

-do- 

135. Stanleya spp 

L 

Crutiferae 

Princesplume 

-do— 

Cannon (1957) 



SELENIUM AND URANIUM 



136. Aster venustus 

L 

Compositae 

Woody aster 

Western US 

Cannon (1957) 

137. Astragalus albulus 

L 

Leguminosae 

Poisonvetch 

New Mexico, 
Arizona, 

-do- 

138. A. argillosus 

L 

-do- 

—do 

Utah, Arizona, 
USA 

-do- 

139. A. confortiflorus 

L 

-do- 

-do— 

Weston US 

-do— 

140. A. pattersom 

U 

-do— 

-do- 

-do- 

-do- 

141. A. preusii 

U 

-do- 

-do- 

-do- 

-do- 

142. A. thompsonae 

L 

—do— 

-do- 

Utah, USA 

-do- 



SILVER 




143. Enogonum ovalifolium 

L 

Polygonaceae 

Cusion 

enogonum 

Montana, USA 

Lidgey (1897) 

144. Lomcera confusa 

L 

-do- 


Queensland 

Bailey (1899) 



STRONTIUM 



145. Ophrys (Listera) apifera 

L 

Orchidaceae 

Twayblade orchid 

Linstow (1929) 



TIN 




146. Gnaphalium suaveolens 

L 

Compositae 

Cud weed 

Brazil 

Dorn (1937) 

147. Sempervivum soboliferum 

L 

Crassulaceae 

Houseleek 

Saxony 

—do— 

148 Trientalis europaea 

L 

Pnmulaceae 

European 
star flower 

Bohemia 

Krusch (1914) 



VANADIUM 



149. Sticopus moebi 

L 

ZINC 


Cayman Island 

Linstow (1929) 

150 Arabis hallen 

L 

Cruciferae 

Haller rockcress 

Brazil 

Vinogradov (1935) 

151. Anagallis collina 

L 

Pnmulaceae 

Pimpernel 

Russia 

—do— 

152 Armena elongata 

L 

Plumbaginaceae 

Thrift 

-do- 

—do— 

153. Hutchinsia alpina 

L 

Cruciferae 


Pyrenees 

Polou (1965) 
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154. Impatiens balsamina 

L 

Balsaminaceae 

155 Minuartia vema 

L 

Caryophyllaceae 

156. Matricaria amencana 

L 

Compositae 

157. Senecio brasiliensis 

L 

-do- 

158. Silene cucubalus 

L 

Caryophyllaceae 

159. Stellana vema 

L 

-do- 

160. Thalaspi alpestre 

L 

Cruciferae 

161. T. arvense 

L 

-do— 

162. T. calaminaye 

U 

—do— 

163. T. caespaeafolium 

L 

-do- 

164. Rata graveolens 

L 

Rubiaceae 

165. R. latifolia 

L 

-do- 

166. Viola calaminaria 

U 

Violaceae 

167. Waltheria rndica 

L 

Sterculiaceae 


Balsam 

Zawar Mmes, 
Udaipur, India 
Pyrenees 

May weed 

Brazil 

Ground sel 
Bladder silence 
Star wort 

-do- 

Fennycress 

Brazil 

Field pennycress 

-do- 

Eryblume 

Belgium 

Pennycress 

Tyrol, Krain, 
Katanga 

Rue 

Brazil 

-do 

-do- 

Violet 

Belgium, 

Prussia 

Poonder 

Mamundur, 
South India 


Aery (1977,78), Tiagi and Aery 
(1981) 

Ernst (1968) 

Dom (1937) 

—do— 

Vinogradov (1935) 

-do- 

-do- 
-do- 
Varming (1902) 

Dom (193?) 

-do- 

-do- 

Lidgey (1897) 

Gandhi and Aswatha Narayana 
(1975) 
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Morphological Changes in Vegetation 

The teratological changes in plants occurring under the influence of an excessive soil content of 
specific chemical element is <rf great importance m geobotamcal investigations. The changes are 
much varied and include such factors as: dwarfism, gigantism, mottling or chlorosis of leaves, 
abnormally shaped fruits, change in colour of flowers, disturbance m the rhythm of flowering 
period and changes m growth forms etc In table 6, morphological and mutational changes occur* 
nng m plants under the influence of various types of mineralizations have been given. At Dariba, 
a marked dwarfism of Ehretia laevis and a change of colour from mauve to white m Commelina 
forskalaei when growing on ancient metal dumps was observed (Singh 1982). 

Biogeochemistry 

Biogeochemical methods of prospecting involve the chemical analysis of vegetation to obtain 
evidence of mineralization in the soil and the bedrock. The biogeochemical method has also been 
called “the ash method” (Tkalich 1938) and the “soil floristic method” (Malyuga 1964). Anoma¬ 
lous metal contents m the plants have been shown to correlate well with known deposits of various 
metals (Cannon 1957,1960,1964, Nicolls et al 1964, Brooks 1968, Brooks & Lyon 1966, Warren & 
Delavault 1949,1952, Yates et al 1974). The biogeochemical methods are based on the fact that 
an element m the soil or bedrock will be accumulated by the plant m a reproducible manner and 
that consequently, anomalous amounts m the vegetation will be indicative of anomalies in the 
substrate. 

Pioneering work on biogeochemical prospecting began independently in Scandinavia, England 
and the Soviet Union in the years 1938 and 1939. Credit for the development of this method is 
usually assigned to Brundm (1939) and Tkalich (1938, 1952) In view of the pioneering work of 
Tkalich (1938, 1952), the Soviet Union has remained the leader m the biogeochemical prospecting 
of elements. 

Biogeochemical sampling is certainly better than geochemical sampling as analysis of samples 
from a single tree may provide information not available even from hundred soil samples from the 
same area. Species of plants that are best for sampling are ubiquitous, have a deep root system and 
show a fairly constant correlation between plant composition and the supporting medium. 

Table 6 


Element 


Effect 


Al uminium 

Boron 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Molybdenum 

Nickel 

Uranium 

Zmc 


Shortening of roots and leaf scorch 

Stunting, prostrate forms, deformation, blotching, and browning of leaves 

Chlorosis of leaves 

Chlorosis or increase of chlorophyll 

Chlorosis of leaves and dwarfism, reduction of size of seeds and corollas 
Darkening of leaves 

Chlorosis of leaves with white blotching 

Abnormally coloured shoots, chlorosis and vulnerability to insect attack 
Chlorosis and necrosis of leaves 

Variation m flower colour, abnormal fruits, more chromosomes, stimulated 
growth 

Chlorosis of leaves, symptoms of manganese deficiency 
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Acxamulators vis-a-vis Hyperaccnnwlators 

Nearty all chemical elements have been determined in vegetation and it is probably true to say 
that for every element, there will be at least one species capable of accumulating it in a spectacular 
manner. Such species are designated as ‘accumulators’ The term accumulator is defined as a plant 
whose mean content of a particular element (expressed on an ash weight basis) is greater than the 
content of the same element m the fine earth fractions of the substrate. But plants growing over 
mineral deposits often 1 do not have as much of an element as the soil and hence cannot be consi- 
dered accumulators according to the above definition. Brooks (1977) has, however, developed a 
new system of classification based on the element content in the plant expressed on a dry wei ght 
basis and neglecting i'he substrate. For elements such as copper, nickel and lead any value over 
1,000 ppm refers to hyperaccumulators”; for zinc the corresponding figure is 10,000 ppm. 

In table 7, hyperaccumulators of certain elements have been enumerated along -with the 
concentration of the elements accumulated in their tissues . 

Pathfinders 


Certain elements which because of some particular property or properties provide anomalies, or 
halos, more readily usuable than the element sought foe with which they are associated are known 
as “Pathfinder Elements” (Warren & Delavault 1959) or “Indirect Indicators” (Malyuga 1964). 
The pathfinder element provides a better contrast between areas of commercial mineralization and 
the general background. 

Warren et al. (1964) have indicated the use of iron and manganese m vegetation as pathfinders 
for other elements Tahpov (1968) indicated the possibility of using arsenic in vegetation as a 
pathfinder for gold and did obtain positive results. 

Aery (1978), Aery and Tiagi (1982) have shown thatcadmium can be used as a pathfinder for 
zinc in biogeochemis try, as its higher concentrations in soils as well as in plants are found only 
over zinc anomalies and it provides a better contrast between areas of commercial zinc minerali¬ 
zation and the general background. 


Table 7 


Element 

Plant 

Concen¬ 
tration 
(%)on 
dry wt 
basis 

Reference 

Cobalt 

Haumaniastrum robertii 

1 02 

Brooks (1977) 

Copper 

Aeolanthus biformifokus 

0 39 

Brooks et al. (1978) 

Chromium 

Pearsonia metalbfera 

0 77 

Wild (1974) 

Lead 

Thlaspi rotundifoUum ssp. cepaefohum 

0 79 

Brooks (unpublished) 

Molybdenum 

Epilobium angustifohim 

0 10 

Warren and Delavault (1965) 

Nickel 

Alyssum masmetiaeum 

2 43 

Brooks et al. (1979) 

Selenium 

Astragalus pattersom 

4 60 

Cannon (1960) 

Uranium 

Uncima leptostachya 

0 13 

Whitehead and Brooks (1969) 

Zinc 

Thlaspi calaminare 

4 00 

Reeves and Brooks (1983) 
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Herbarium Analysis—A New Approach in Metal Prospecting 

Once the copper moss —Merceya latifolia had been established as a universal indicator for the wif tal 
copper, Persson (1956) made an inventory of places from which specimens of this plant had been 
collected in the various herbaria of Sweden. Without exception all these places had commercially 
viable deposits of copper. During recent years with the advancement in the techniques of chemical 
analyses, analysis of herbarium specimens (mainly leaf samples of 1 sq. cm. or less area) is in 
progress, in order to investigate the possibility of prospecting for minerals in countries which 
the biogeochemist never visits. Brooks and his research group (Brooks 1983) have already 
analysed some 20,000 herbarium specimens m the past few years and have identified numerous 
hyperaccumulators fcr various elements by this method. 

Though herbarium surveys will never replace in situ exploration work, they can provide useful 
information to exploration geochemists at very little cost. 

In conclusion, it may be emphasized since India is a developing country, new and new areas of 
mineralization are being discovered, it is absolutely essential to carry out geobotanical and bio- 
geochemical explorations of these areas before their vegetation gets destroyed. This would enable 
the location of new areas of mineralization by these methods which are much more economical 
than the usual geophysical methods 
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Bioindicators for DDT in Soil 

H C AGARWAL 

Department of Zoology, University of Delhi, Delhi 110007 


Organochlonne pesticides, especially DDT and HCH, are widespread in soil. In India, thus* 
two pesticides together account for more than 50% of the pesticides used, and their use has been 
further increasing. They persist for long time m soil in temperate conditions; however, such 
information is not available for tropical/sub-tropical climates. 

Field experiments, using 10% technical HCH and 10% technical DDT @ 25 kg/ha., 
showed that more than 80% of these pesticides remain in the top 7 5cmsoil. About90%of HCH 
was lost from soil in 60 days while about 40% DDT was lost in 4 months. The soil contained 
mainly nematodes, mites, collembola and a few other insects and their larvae. The nematodes 
consisting of saprobionts and plant parasitic nematodes outnumbered the arthropods. The 
saprobiants were represented by 14 genera while the plant parastic nematodes were represented 
by 8 genera, of which Tylenchorhynchus accounted for most of the plant parasitic nematodes. 
Mites belonging to Astigmata, Cryptostigmata [and Mesostigmata were present Among 
arthropods, collembola was the predominant group 

In DDT-treated plots, the nematode population was more than that of controls. This increase 
was mainly due to the plant parasitic nematodes particularly of the genus Tylenchrohynchus. 
The HCH treatment of soil at the rate used had apparently no effect on the microfauna. 
However, DDT treatment resulted in an increase in the population of plant parasitic nematodes 
and m initial decrease m case of saprobionts It is probable that the plant parastitic nematodes, 
particularly the genus Tylenchrohyncus may be used as a biomdicator for DDT in soil. 
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Earthworms as Bioindicators of DDT in Soil 

M K K PILLAI 

Department of Zoology, University of Delhi, Delhi 110007 


Any study on soil biology is incomplete without an understanding in the population and 
ecology of earthworms in the soil. Earthworms are believed to contribute appreciably in 
maintaining the soil fertility by their direct involvement in soil formation, aeration and turnover 
especially in orchards and woodlands. Contamination of soil with pollutants such as metallic 
compounds and pesticides will naturally have a direct effect on earthworms. Earlier studies have 
shown arsenic compounds like lead arsenate, copper sulphate and copper fungicides toxic 
to earthworms. Among organochlonne pesticides, DDT, BHC and aldnn at recommended 
doses have no effect on earthworm. However, endrin, heptachlor and chlordane are known to 
decrease earthworm population. Though many organophosphorus compounds like malathion, 
chlorpyrifos, fenetrothion and diazmon have no deletenous effect on earthworms but 
chlorfenvinphos and phorate are found to be highly toxic to them. Similarly carbaryl and other 
carbamates are highly toxic to earthworms. Also fumigants such as D-D mixture and methyl 
bromide cause high mortality of earthworms. So also herbicides which indirectly kill the worms 
by killing the vegetation in which the worms feed. 

Among the organochlonnes, earthworms are known to concentrate large residues of DDT 
and its breakdown products. The concentration m different species depend more on the 
habits of these species especially on the basis of their occurrence m the surface soil or deep soil. 
Gish (1970) determined organochlonne residues and earthworms in soils from 67 agricultural 
fields in eight states in USA. The data showed a linear relationship between the amounts of 
organochlonne residues in the soil and amounts m the worms. In 1974, we monitored DDT 
residues in soil and earthworms from 50 different sites from Delhi area. Our data also exhibited 
a linear relationship between the amount of total DDT residues m the soil and the amount present 
in earthworms. On companson of our data with those of Gish, it is clear that soil in USA 
contained residues ranging from a trace to 19 1 ppm and the earthworms had a trace to 159 ppm, 
while similar figures for Delhi soil were 0 to 2 61 ppm and earthworms 0 to 37.74 ppm. The 
average concentration factor in the former case was 9 and in the latter 10.5. These studies 
clearly indicate that earthworms could possibly be used as bioindicators m assessing the extent 
of soil pollution by DDT or HCH. 

An explosion in a chemical plant near Sevesco, Italy, m 1976, contaminated a vast inhabited 
area with TCDD (2,3,7,8-tetrachloro dibenzo-p-dioxm). A survey in 1978 of the area showed 
that earthworms contained an average 14 5-fold concentration of dioxin as related to its 
concentration m soil Amounts of TCDD m the soil and m the earthworms showed a more or less 
linear relationship. These authors suggested that earthworms may thus be useful in demonstrating 
the presence of very low or immeasurable quantities of TCDD in soil 
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Plant Factors as Indicators of S0 2 and 0 3 Pollutants 

MADHOOLIKA AGRAWAL 

Centre of Advanced Study in Botany, Banaras Hindu University, Varanasi 221005 


Plant responses to air pollutants provide a simple and low-cost method of monitoring gaseous 
pollutants (Rao 1977, 1981) The concept of bioindicators was introduced by Shantz (1911) and 
later developed by Clements (1920). Use of epiphytic lichens and mosses is successfully 
done for mapping air quality in Europe and North America (DeSloover & LeBlanc 1968, 
LeBlanc & Rao 1975) However, the use of higher plants for monitoring air pollution is a recent 
development. Only the visible damaging of pollutants on plants has generally been used to 
monitor air pollution (Kisser 1966, Jacobson & Hill 1970, Steubing et al. 1976). 

Chaphekar et al. (1980) surveyed the air pollution status of Bombay with the help of trans¬ 
plant studies, using higher plants. Considerable importance was given to gross morphology and 
leaf epidermal features which proved quite rewarding m assessing air pollution (Shanna 1977, 
Yunus & Ahmad 1979, Garg & Varshney 1980). Some of the modifiable traits, like size and 
frequency of epidermal cells, stomata, ldioblasts, tnchomes and foliar surface geometry can be 
useful m determining the type and extent of air pollution (Yunus & Ahmad 1979). Attempts have 
also been made to evaluate levels of air pollution by studying the process of pollen germination 
(Varshney & Varshney 1981), changes m chlorophyll (Bell & Mudd 1976, Steubing et al. 

1976, Rao 1979) and ascorbic acid contents (Choudhary & Rao 1977, Keller & Schwager 

1977, Rao 1979, 1981). Enzymes, such as peroxidase (Keller 1974, Eckert & Houston 1982) 
and acid phosphatase (Malhotra & Khan 1980, Eckert & Houston 1982) me often suggested 
to be bioindicators of SO* pollution. 

Synergistic action of pollutants may present some problems m using plants as indicators of 
air pollution. The ambient environment of an urban-industrial area may be contaminated with 
several pollutants emitted by single source or from different sources and the plants growing there 
would be exposed not to one but to many pollutants and their mixtures. Such combinations may 
be simultaneous, sequential or intermittent over tune and their impact on vegetation may greatly 
differ from those of a single pollutant Tingey and Reinert (1975) have discussed the terminology 
used to describe the interactive effect of combinations. Synergism occurs when the effect of the 
combination of two pollutants is greater than the sum of the effects of the individual pollutants; 
antagonism occurs when the effect of the combination of two pollutants is less than the sum of 
individual pollutants. Potentiation occurs when there is a positive net effect of non-additive 
behaviour, in other words when one agent produces no response of its own but intensifies the 
reaction of the other agent In addition, masking or hardening occurs when exposure to one 
pollutant reduces the impact of a subsequent pollutant. 

In India, only a few studies have been conducted for studying plant responses to SO s 
and Oj pollutants, singly and in combination (Agrawal 1982, Agrawal et al 1982, Singh & 
Rao 1982, Agrawal & Rao 1983, Agrawal et al. 1983a,b,c, 1984). Controlled laboratory 
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exposure techniques have been used for identification and evaluation of plant species as indicators 
of air pollution. Responses of four crop plants were studied after exposing them at selected phono¬ 
logical st&gps of their active growth period to low concentrations of SO* (0 5 ppm), O* (0.08 ppm) 
and S0,+0, (0.25+0.04 ppm) for a certain period. The plants included m tlus study were 
Oryza sativa (nee), Panicum miliaceum (broom corn millet, locally called ‘cheena’), Cicer aneti- 
num (gram) and Viciafaba (broad bean, locally called ‘bakala’) The parameters analysed for 
their biomdicator-potentials were leaf symptoms, leaf injury, transpiration rate, photosynthetic 
pigments,metabolites, enzymes and biomass production. 

PoUntion-inonitoriiig Potential of Plant Characters 
Symptomology 

All the plants exposed to O a , SO* and O a +SO a pollutants showed visible foliar symptoms appear¬ 
ing first on 0,+SO, exposed plants. The plants exposed to SO* showed mterveinal chlorosis and 
necrosis on either leaf surface, while 0*-exposed plants showed irregular chlorosis on upper leaf 
surfaces of dicots and on either leaf surface between parallel veins of monocot plant species. 
However, the plants exposed to SO* + O a showed mterveinal chlorosis and necrosis more on upper 
surface in comparison to lower one Such characteristic symptoms of plant injury are also 
described in literature (Jacobson & Hill 1970). Although, some of the air pollutants like SO, or 
O, produce specific symptoms but many environmental factors, such as moisture stress and nu¬ 
trient deficiency, also exhibit somewhat similar type of symptoms. Hence, exclusive use of foliar 
symptoms may not be a reliable criterion except where a specific air pollutant predominates 

Leaf Injury 

The four plant species tested were not equally responsive to 0„ SO* and O a +SO a pollutants with 
respect to their foliar injury. However, the plants exposed to 0,+SO a pollutants showed maxi¬ 
mum leaf area damage (table 1). In addition, the maximum leaf area injury was observed in 


Table 1 Comparison of the level of leaf injury at three different ages of four species ofplants studied with respect to 
SO* O, Or SO a +0, pollutants 


Plant 

Age 

(days) 

Leaf area injury (%) of control 

O, 

so a 

so*+o. 

Vida faba 

55 

12 2 

24 3 

32 5 


85 

39 4 

49 5 

57.8 


115 

52 3 

75 3 

88.2 

Panicum miliaceum 

40 

4 6 

10 7 

18 2 


50 

16 2 

26 7 

36 0 


60 

28 6 

46 2 

58.2 

Cicer arietinum 

80 

3 2 

5 2 

6.2 


90 

10 5 

13 6 

17 3 


110 

12 3 

18 2 

24.3 

Oryza sativa 

50 

7 2 

20 6 

31.6 


70 

15 6 

40 3 

56 2 


90 

28 0 

58 0 

71.5 
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Vicia faba plants followed by Oryza sativa, Panicum mliaceum and then Cicer arietinum (table 1). 
The differences in leaf area injury of plants corresponded with those of increasing pollutant dose. 
Hence, it may prove to be suitable indicators of air quality. But the difficulty arises in those cases 
where relatively low concentrations of O, or SO a exist, which do not induce visible foliar 
injury and so certain physiological, biochemical and enzymological studies were csmei out 

Physiological Bioindicators 

Transpiration rate: The transpiration rate increased after exposure to SO* O* and SO* + 0, 
pollutants. Maximum increase being in SO s -f O a followed by SO a and O, exposed plants. Jager 
and Klein (1980) concluded that rate of SO a absorption through the stomata is an important factor 
in determining SO a sensitivity of plants. Fluckiger etal. (1978) found that motor exhaust gases 
severely affected the diffusive resistance of aspen leaves. Huttunen et al. (1981) reported pollutant 
accumulation in pine needles during exposure paralleled with increasing water stress. 

Photosynthetic pigments : It is well-known that the effects of air pollution are often accom¬ 
panied by a chlorotic discoloration of foliage Chlorophyll reduction was maximum in Vicia faba 
followed by Oryza sativa, Panicum mihaceum and Cicer arietmum (table 2). Maximum reduction 
in chlorophyll content was observed in O s +SO a exposed plants. Heinze and Fiedler (1976) 
correlated chlorophyll content with site factors. Bioassay of chlorophyll is relatively easy and can 
be done on a routine basis However, it may not be specific in ascertaining for the effect of low 
levels of pollution. 

Biochemical Indicators 

Metabolites' It appears that a decrease in ascorbic acid, starch and protein contents and 
increase in sugar content, subsequent to exposure, may be related to O s , SO, and O a + SO a sensi¬ 
tivity of plants. In the sensitive plant like Vicia faba the decrease or increase is of hi gh™- order 
(table 3) Protein is a useful parameter and has been suggested as an indicator of O a and SO a 
pollution and their combination (Nandi et al. 1980) 


Table 2 Agewtse changes in total chlorophyll contents m four species of plants exposed to SO a , O a and SO a +O a 
pollutants, values expressed in terms of percentage decrease with respect to their controls 


Plant 

Plant age 
(days) 

O a 

so a 

so a +o 8 

Vicia faba 

55 

19 5 

25.8 

46 5 


85 

50 0 

51.5 

63.8 


115 

63 3 

66 6 

82.5 

Panicum miliaceum 

40 

33 0 

35 1 

41 2 


50 

36 3 

38.7 

41.4 


60 

40 7 

41 2 

57 0 

Cicer arietmum 

70 

9 7 

13 6 

16 1 


90 

28 5 

28 4 

28 5 


110 

25 7 

27 0 

27 9 

Oryza sativa 

50 

20 6 

26 3 

33 1 

70 

47 6 

52 8 

59 2 


90 

29 1 

35 2 

50 3 
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Table 3 Percentage decrease (—) or increase (+) in ascorbic acid, sugar, starch and protein contents in four mature 
plant species at maturity exposed to O 3 , SO, and 0 8 +S0, pollutants with respect to control 


Plant 

Ascorbic 

add 

Sugar 

Starch 

Protein 

Vicia faba (115 day age) 

0 * 

—39 3 

+31 1 

—63 3 

—33.1 

SO, 

—38.7 

+33 8 

—61 5 

—31.6 

so,+o 8 

—54 3 

H-42 6 

—66 7 

—36 3 

Panicum nuUaceum (60 day age) 

o* 

—28.2 

+23 2 

—10 9 

—15 9 

so a 

—34.8 

+30 6 

—17 6 

—17.1 

SOj+O, 

—44 0 

+37 0 

—34 6 

—24 8 

Oryia sativa (90 day age) 

o 3 

—38 5 

+26 2 

—13 9 

—32 2 

SO, 

—36 2 

+31 0 

—18 9 

—31 2 

so 2 +o 8 

—52 5 

+39 0 

—36 4 

—34 2 

Ctcer arietinum (110 day age) 

O s 

—28 8 

+21 0 

—16 9 

—16.2 

so, 

—32 4 

+20 0 

—14 5 

—18.8 

so,+o 3 

—36 5 

+27 0 

—24 5 

—24 2 


Response of plants in terms of protean content was found to be an indicator of auto-exhaust 
fames also (Banerjee et al. 1983). Rao (1979) suggested that changes m ascorbic acid are also good 
indicators of polluting level. The decrease m starch level m pollutant exposed plants may be due 
to its breakdown into sugars, reduced C0 2 assimilation and increased respiration. Maximum 
reduction in starch level due to O s +SO a could also result from the accelerated metabolism 
following pollution injury The maximum increase in sugars after 0 8 4- S0 2 exposure suggest 
that such increase helps to elevate the rate of respiration to counteract pollutant stress. 

Thus, the effect of O a , S0 2 and 0,+S0 2 pollutants on metabolites may be of further use as 
bioindication for a stressed metabolism and also for the presence of more than one pollutants. 

Enzymes : Biochemical assay of pollutant injury has given a great incentive to enzyme assay 
an invaluable indicator of pollution stress Studies with low level of 0 2 , S0 2 and 0 8 -f S0 2 on crop 
plants showed that peroxidase level increased maximally m sensitive plant Vida faba, in com¬ 
parison to other species, (table 4). Similarly, the quick response of catalase to even low concen¬ 
trations of pollutant is also suggested to as biomdicator of 0 2 , SO t and 0 s +S0 2 pollution 
Similarly, Nandi et al. (1980) have reported that catalase activity decreased in germinating seeds 
^th subsequent increase in peroxidase activity due to 0 2 , S0 2 or 0 8 +S0 2 exposures So these 
enzymes have been found to have indicator value as related to S0 2 , 0 8 and SO a -f 0 8 pollution. 

Growth Indicators 

The present study showed that O s , S0 2 and 0 8 +S0 2 affect plant morphology by stunting 
the growth and reducing the biomass (table 5). The effect of air pollution on overall plant 
growth and dry matter accumulation can provide the basis for monitoring the air pollutants 
and their combinations. Chaphekar et al (1980) also showed that changes in growth of plants 
were well corresponded with quality of air in the area. 
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Table 4 Percentage decrease (—) or increase (+) in catalase and peroxidase activity at maturity m three different 
species of plants exposed to 0 8 , S0 2 and S0 2 +0 8 pollutants with respect to control 


Plant 

Catalase activity 

Peroxidase activity 

Viciafaba (115 day age) 


—62.5 

+29.7 

so. 

—68 7 

+26.6 

S0 2 +0 8 

—75 0 

+37® 

Parncum rmliaceum (60 day age) 

O, 

—30 7 

+18 6 

so. 

—34 6 

+21 6 

so,+o a 

—53 8 

+27.5 

Oryza sativa (90 day age) 

Oa 

—54 6 

+26.5 

so a 

—61 8 

+26.1 

so,+o. 

—70 1 

+32.5 


Table 5 Percentage decrease in height and biomass production of four selected mature plant species exposed to O s , 
S0 2 and S0 a +0 8 pollutants with respect to control 


Plant 

Plant 

height 


Vida faba (115 day age) 

O* 

34.7 

78.1 

so a 

35 0 

82.0 

so a +o a 

37 7 

85.8 

Parncum mtltacewn (60 day age) 

O, 

12.9 

44.4 

so 2 

14 9 

45.1 

so,+o. 

13 4 

47.9 

Oryza sativa (90 day age) 

o, 

27 4 

45.8 

so 2 

24.8 

47.0 

so,+o. 

36 2 

53.5 

Cicer artetmum (110 day age) 

o, 

11.2 

35 2 

S0 2 

11 9 

35.4 

so,+o. 

14 3 

37 1 


The four crop plants tested for their indicator value with respect to S0 2 , O a and S0 2 +0 8 
pollution showed that overall performance of plants pertaining to metabolic efficiency and 
biomass production, suffers adversely The greater effect of SO a +0 8 suggests synergistic effect at 
low concentration. Exposure with 0 8 , SO a and 0 8 +S0 a pollutants also indicate that the plants 
vary m their susceptibility They can be arranged in the following sequence Cicer arietinum< 
Panicummtliaceum<Oryza sativa<Vicia faba according to their sensitivity. As Compared to V. 
faba, Cicer arietinum was less sensitive, may be due to its low level of moisture requirement 
which restricts the stomatal opening and consequently its pollutant uptake vis-a-vis leaf injury. 
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The higher sensitivity of rice plants may also be due to its excessive moisture requirement 
which induces wider stomata! aperture leading to increase in quantum of pollutants entering 
into the plant body. 

On the basis of their response to SO a , 0 8 and S0 2 + O a , Viciafaba, Oryza sativa and Panicum 
miliaceum can be used for identifying and monitoring these pollutants and Cicer arietinum as 
pollution sink under low levels of these pollutants. Furthermore, it is possible to estimate the 
total effect of a large number of pollutants as total pollution load by direct observation of all 
morphological, biochemical, physiological and growth behaviours or for individual pollutants 
by artificial fumigation experiments. The use of plants as bioindicators should be extended from 
the simple recognition of visible injury to include the full range of bioindicators with the range 
of invisible injury symptoms. Full use of physiological and biochemical bioindication requires a 
strict standardization of plant material, including genetics, nutrition and environmental factors. 
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As a prerequisite, a knowledge about the habit and habitat of the indicator plants or indicator 
organisms is important and such indicator plants whose habits have been thoroughly standardized 
with the habitat could be selected Observation and experimentation should be repeated again 
and again and these should be continued throughout the year covering all the seasons. Experi¬ 
ments should be performed under natural conditions, as far as possible, using more than one 
parameter and at the same time standard physical and chemical technical equipments should be 
used for measuring different types of air pollutants accurately and correlate them with observed 
effects on indicator plants 

In this regard the lichens, an interesting symbiotic association of fungus with algae among 
lower groups of plants, seem to be the ideal indicator for detecting air pollution It has long been 
established that lichens are very much sensitive to a large number of gaseous pollutants, such as 
sulphur dioxide, hydrogen fluoride, ethylene, and ozone, etc 

In lichen-nch area, plants are found in natural environment Lichens could be broadly classi¬ 
fied into three groups, viz (f) Fruticose, the most sensitive ones; (it) Foliose, the medium sensitive 
(Mies, and (hi) Crustose the least sensitive ones to air pollutants In the hchen-nch area, all the 
three types of species could be seen growing side by side and their individual growth rate is also 
relatively high as compared to that of lichen-poor area Hence, in lichen monitoring, one can use 
two types of parameters, (i) species level—i e what types of lichens are prevalent, whether they are 
sensiuve or non-sensitive ones; and (ii) individual level—total area occupied by the individual 
lichen on the tree trunk 

Lichens are also found on the tree trunks m rural areas and agricultural fields of West Bengal, 
but mostly they are foliose species, the medium sensitive ones, and prefer to grow on different 
species of palm trees. Some species of fungus are also quite common on palm trees. 

Though lichens are very rare m city streets yet they are not totally absent We studied the 
occurrence of lichens in the streets of Calcutta, gardens, rural villages and agricultural fields of 
West Bengal We divided the Calcutta streets into three major categories (i) with high traffic 
load, (ii) with medium traffic load, and (hi) with low traffic load. The Red Road of Calcutta 
with a, traffic load of 50-75 and over 100 motor vehicles/min have plenty of trees around, but 
not a single tree bears any sign of lichen on its trunk. On the other hand, the Ballygunge 
Circular Road, with a traffic load of 5 to 10 motor vehicle/mm, some foliose lichenson Ficus 
and palm trees were noticeable 

We took photographs of a particular lichen at regular intervals to study its appearance, 
growth rate and disappearance at different seasons of the year The size of the lichen is measured 
with the help of a divider In West Bengal, lichens are usually found on different palm species, 
but in the Mmto Park of Calcutta, where there are plenty of palm trees no, lichen could be seen. 
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So in this conclusion, I would like to point out several important facts about using of 
bioindicators. 

1. Biomonitonng of air pollution is a relatively inexpensive technique and more or less 
provides with a correct picture of air pollution effects on vegetation. With this techni que, it is 
possible to get an impression of the distribution of the effect-load m place and fin™ These biolo¬ 
gical indicators very accurately give the alarm signal indicating deterioration of the ecosystem. 
Moreover, if sufficient knowledge is gathered about their habit and habitat a prediction of future 
abiotic changes of the environment can be made m a fairly accurate range. 

2. The epiphytic lichens as indicators of air quality, have the rare advantage that t heir habit 
and habitat are relatively well standardized, thus minimizing the effects of other factors. 

3. The ideal biomdicator should have a single parameter with very high sensitivity to a single 
type of air pollution. But such a mode to measure specific bioindicator is rather difficult to find 
out m nature. Hence, there is no question of replacing ambient-air monitoring by standard 
physicochemical methods with biomonitonng Both should be used jointly. Although the biolo¬ 
gical indicator may react directly to the operational factor, real quantitative results, however, 
cannot be expected due to the complex nature of the cybematic system of life and its communities. 
In most cases, one should satisfy oneself with a diagnosis of what is happening in the ecosystem. 
If the real quantitative data are required, a combination of bioindication and physico-chemical 
assessment methods will be required 

4 For standardization of technique with a bioindicator, experiments and observations should 
be repeated throughout the year covering all the seasons The multiple parameter at species level, 
individual level and cellular level should be used and not a single parameter, for example counting 
of number of species, their individual growth rate, their transplantation to a highly polluted area 
and vice-versa. Measurement of respiration, photosynthesis, chlorophyll and phaeofytin content 
and special enzymatic activities at the cellular level should also be incorporated m such multiple 
parameter study. This is obligatory for the standardization of the technique. 

5. Both lower and higher plant group could be employed as biomdicator for detecting air 
pollution. Leaves of avenue trees could be used as accumulator of particulate pollutants. The 
comparison of the amount of dust particles, deposited per unit area of leaf, between two places 
gives a gross idea about the extent of air-borne dust particles m the concerned regions. To avoid 
dislodging some of the dust particles from the leaf surface, particularly when hundreds of leaves 
have to be earned down to the laboratory, improvised cellophane bags, previously weighed 
accurately and marked properly, one bag for one leaf were used. These were then kept in a small 
cardboard box 

In the laboratory, the dust particles were removed from the upper and lower surfaces of the 
leaf separately and weighed. Before taking the weight of bags, these were kept m the oven for 5-6 
hr to remove the moisture, collected m the bag due to leaf transpiration The photomicrograph 
of leaf surface showed that most of them are covered with black soots which contain 17 chemicals 
that produce cancer m our body A single leaf hair could also collect quite an appreciable 
amount of dust particles The dust collecting capacity differs indifferent types of leaves Simple 
leaves could accumulate more dust than compound leaves Most of the dust particles are collected 
on the upper surface of the leaf, but the lower surface also could collect some amount The size 
of the particles collected on the lower surface is smaller and mostly these are respirable dust Some 
of them do enter into the plant system The distribution of dust particles on the leaf surface, is 
not uniform These particles are conglomerated and pile up on the stomatal openings Our expla- 
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nation is this: quite an appreciable amount of air passes through these stomatal openings, if the 
air contains variable sizes of dust particles, while smaller particles enter into the plant system the 
larger ones are stuck up on the orifices of the stomata It is also assumed that some of the larger 
particles also get then entry into the plant system after dissolving with the carbonic add discharged 
by the stomata, which m turn produce a series of synergistic reaction affecting the various 
physiological functions of the plant. But that is a different story which requires further study. 
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Air Pollutants and their effects on Plants 

With the increasing importance and awareness on air pollution, direct observations of plants for 
pollutant injury has been used as a guide to assess the seriousness of a situation. It has the obvious 
disadvantage of not disclosing the existing pollution conditions but only what has happened in 
the past. Nevertheless, since plants are early indicators of air pollution incidence, plant patholo¬ 
gists can effectively assist regulatory agencies in the evaluation of suitable abatement programme. 

Some of the more important and common gaseous pollutants that have been extensively 
studied are SO s , O a , PAN, NO a and HF. Detailed reviews have been presented by a number of 
authors on the growth suppression to alteration in photosynthesis, respiration, interference in 
enzymal activity, changes in cell wall permeability, granulation, cell collapse or disintegration and 
pigmentation erf affected tissue, etc. (Darley & Middleton 1966). While there is no doubt about 
the variability in the resistance of plants, reduction in number of plant species in the affected areas 
is mostly observed. Also whenever sensitive plants have been killed or weakened, dominance by. 
resistant species appears to be imminent. 

Currently, the air quality standards set in several countries have been questioned as to whether 
they are sufficient to protect the most sensitive plant species under worst conditions. Unless 
simultaneous air monitoring data are accompanied with field observations for varying sampling 
periods and variability of environmental factors, standard evaluation may become prejudiced. 

With the growth and understanding of ecosystem function it is important to examine indi¬ 
vidual bioindicator species for their explicit potential as mechanistic indicators of system sensiti¬ 
vity to pollutants. In this context, search for ecosystem level processes to delineate likely long term 
pollutant effects on the system as a whole needs greater attention because of the size and signi¬ 
ficance of these ecosystems A classic example is the study made on air pollution effects on the 
structure and function of the temperate forest system (Smith 1974). Under conditions of varying 
dosages of air contaminants, the vegetation and the soils of these ecosystems act as important 
sinks and in the absence of sufficient tune to accomplish evolutionary adjustment, numerous 
potentially damaging effects have been identified These are hypothesized in table 1. 

Functional Elements in Plants 

Many trace elements in small quantities are essential for the growth and development of plants 
and function as catalysts m photosynthetic and chlorophyll forming reactions. In excess, they 
may be as injurious as their deficiency The basic classification of functional elements in plants 
are given in table 2. The amount of any element which has to be absorbed to produce an injury 
depends on a variety of factors and concentration of the element is one of these Some of the 
others are the age of the plant, the chemical form of the element, other minerals and organic 
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Table 1 Influence of air pollution on temperate forest system* 

Designation Air Pollution Lead Response of vegetation Impact on ecosystem 

1. Act as a sink for contaminants Pollutants shifted from atmospheric to 

organic or available nutrient compart¬ 
ment 

2. Nil or minimal physiological Undetectable influence, fertilising effect 
alteration 

1. Reduced growth 1 Reduced productivity lessened bio- 

(a) denuded nutrient availability mass 

(i) depressed litter de¬ 
composition 

(3) suppressed photosynthesis 
enhanced respiration 

2. Reduced reproduction 2 Altered species composition 

(a) Pollinator interference 
(p) abnormal pollen, flower 

seed or seeding development 

3. Increased morbidity 3. Increased insect out breaks microbial 

epidemics, reduced vigour 

(а) Predisposition to ento¬ 
mological or microbial stress 

(б) direct disease induction 

1. Acute Morbidity 1. Simplification : increased erodabihty 

nutrient attrition, altered micro* 
dimate and hydrology. 

2. Mortality 2 Reduced stability 

Note : Gass I Sink functions are based on calculation and not on direct measurement 

II Subtle deleterious effect are based primarily on extrapolation from controlled laboratory and 
green-house experiments frequently with forest plant species 

III Acute damage destruction documented directly in the field research Priority must therefore 
obviously be given to studies in Gass I and n relationships 

* W H Smith, Environ. Pollut. 6 111, 1974 

substances present in the soil, hydrogen ion concentration, activity of the micro-organism, etc 
Such injuries are more produced by the heavy metals. Toxicity of some of these metals such as 
As, Cd, Hg, Ni, Zn, Se, etc on plants has been well documented (Agarwala 1979, Foy et al. 1978) 
The potential effects of heavy metal and sulphur contaminated food on roe deer antler deve¬ 
lopment in Central Europe has been recently documented (Martinez et al 1971). The bulk of the 
evidence strongly suggests a close coincidence m the timing of antler decline, release of emissions 
from a steel plant and heavy metal contamination in preferred food Ground vegetation consti¬ 
tuting 60% of the diet of roe deer were heavily contaminated by metals. Cd, Pb, Ni, Cr and Zn 
were the probable heavy metals ingested whereas Cu and Fe were well tolerated In addition cases 
of fluorosis have been noticed due to wet deposition of fluorides 


Gass I Low 


Gass II Intermediate 


Gass m High 
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fable 2 Classification of elements in plants* 


Group 

Type 

Function 

Element 

I 

— 

Energy Exchange 

H, 0 

n 

Anion (or acid) 
group formers 

Energy Stores 

C.N.S.P 

in 

Cation (or base) 
formers with fixed valency 

Translocation 

regulators 

Na, K, Ca, Mg 

IV 

Cation (or base) 
formers with varying valency 

Oxidation reduction 
regulators 

Mn, Fe* (Co, Ni) Cu, 2a 

V 

Ampholytes with varying 
valency 

Functions unknown 

B, Al, Si, As, Se 

VI 

Anion (or acid) 
formers fixed valency 

» 

Q, F, (Br, 1) 

vn 

Cation (or base) 
formers with varying valency 

Perhaps those of Gr IV 

Co, Ni 

vrn 

Ampholytes 

Functions unknown 

Ge, Gaand other dements 


* Trace Elements in Plants, ed Walter Stiles (Cambridge University Press) 1961 


Biomonitoring of Trace Metals 

Pharmacological 

Concern about the heavy metal pollution exposure to human beings has been voiced more effec¬ 
tively after the Minamata and Niigata incidence of Hg poisoning and Itai Itai disease due to Cd 
in Japan. Since these metals find their way into the human body through food chain in an aquatic 
system, it is very likely that they have adverse effects on plants on which the fish feed. 

Phytological 

The principal advantage of the use of biological monitors (Grozinska et al. 1983) like plants as 
indicators of aerial burden of metals is that it involves minimum of expenses and equipment. 
Metal ions are retained by organic matter by means of ion exchange or by complexing or chela¬ 
tion with specific organic groups The stability of organic chelates with the divalent metal ion is 
mainly dependent on the properties of the metal ion and follows the sequences (Ruhling & Tyler 
1973) Pb>Cu>Ni>Co>Zn>Cd>Fe>Mn>Mg>Ca 

Although rooted plants may give a general indication of the source intensity, they cannot be 
regarded as good sensors of airborne metal levels. Most of the fallout on the foliage usually exists 
as a superficial coating which can easily be removed by washing or by ram and wind Thus the 
retention of the metals by plants depends largely on the physical characteristics of the aerosol and 
the form and the texture of the foliage, leaf retention being higher in plants with a rough and hairy 
surface 

Until recently, major source of metal available to terrestrial plants has been the soil, usually 
derived from weathered rock or through transported overburden. Since the beginning of the 
industrial revolution and the widespread development of metalliferous mining and smelting 
together with the consumption of coal and oil, the atmosphere m global term has become enriched 
with many elements and must be considered as a further source of metals to plants 
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The existence of plants on the mine wastes and metal contaminated soil lead to the belief 
♦hat metal tolerant species grow by natural selection. Bradshaw 1952 and an independent research 
work in Germany saw the beg inning of a systematic study on metal tolerant species. The mecha¬ 
nisms of evolution of these species have been discussed m detail by Antonovics et al 1971 and 
Reeves and Brooks 1983 along with the list of such metal tolerent plants. 

Several studies have been earned out around smelting complexes to map the spread of air¬ 
borne pollutants illustrating the pattern of Zn, Pb, Cd (Little 1973, Little & Martin 1974) distri¬ 
bution around these sources and their correlation with wind data. These results suggest that much 
of the total lead burdens exist as a superficial particulate deposit while a portion of the Zn and 
Cd is probably incorporated into the leaf. 

Mosses and Lichens 

It has long been suggested that many epiphytes and bryophytes like mosses mid lichens are sensitive 
bioindicators. They ore more useful as integrators of aerial metal burdens than higher plants and 
for estimating long term (over a month) loading rates into a given ecosystem. The cheap and 
passive nature of moss samplers compared to direct air sampling devices as precise and sensitive 
bioindicators, have been shown in two pioneering studies (Goodman & Roberts 1971, Grodzinska _ . 
1978). Further, they are eminently suited for extensive network sampling The nature of the moss 
shoots is such that it readily entangles and retains particulate contamination amongst the leave 
as well as in providing a larger surface area for ion exchange phenomena. Certain mosses like 
Sphagnum, when dry, absorb and retain rainwater to a considerable extent which facilitates ion 
exchange between the soluble metal and the moss cell walls. 

The ultra sensitivity of epiphytic lichens and bryophytes seems to relate to their direct depen¬ 
dence on the atmosphere for moisture and nutrients The small amount of chlorophyll m many 
lichens which may be related to their slow recovery from pollution damage plus their inherent 
slow growth rate makes them more susceptible to the toxic pollutants than species having more 
chlorophyll and greater metabolic rate Parks and gardens provide protected habitats for epiphytic 
species. 

Many urban centres are not conducive to the healthy growth, and maintenance of epiphytic 
vegetation and SO a has most often been implicated m the destruction of epiphytes. This is true of 
Bombay and its environ where the first sight of mosses can be seen at the Karnala bird sanctuary, 

40 km from the city limit. 

There has been reports m recent years of specialised plant species which are able to accumu¬ 
late certain trace metals to such inordinate degree compared to normal plants that the former 
have been termed hyper accumulators (HA) A threshold of 10 mg/g (0 1 %) in dried material 
has been taken to represent HA for some elements. For Zn it is around 1 %, because natural levels 
of this element in vegetation is higher than for elements Cu, Ni, Co, Mn Higher accumulation for 
specific element is a relatively rare occurrence. For example, there are only about 100 HA of Ni, 
of which about half are in the genus Alyssum and about 15 each of Cu and Co Until recently, 
there was evidence for the existence of HA of Pb and species include Armeria martima var hallen 
(0.13 %), Polycarpaea synandra (0.104 %) and 0.01 -0.27 % in Thlasi alpestine The concentration 
levels of Pb and Zn m the various species growing on mine tailings and contaminated river gravels 
derived from Pb-Zn mines m northern Italy and a few other sites are given m table 3 

Of the mosses, Pleuorozium schreben Mitt and Hylocomium splendens (Hedw) Br. Eur., 
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Table 3 Lead and zinc concentrations in leaves of plants (pg/g dry mass)* 


Species 

Collection 

Area 

Number 

Mean 

Lead 

Range 

Mean 

Zmc 

Range 

Alyssum ovirense 

Central Europe 

1 

20 

_ 

144 


Alyssum wulfemannum 

Caredel-Italy 

13 

141 

15-800 

741 

31-2500 

Armeria maritina VarhaUeri 

Germany 

I 

1600 


, 

_ 

Polycarpaea synandra 

Australia 

1 

1044 

_ 

6960 

_ 

Thalpsi cdlaminare 

Western Europe 

12 

— 

— 

14000 

5200-39600 

Thalpsi rhotundifohum 
( SubspecimefrCepaeifolium ) 

Caredel-Italy 

14 

1620 

130-8200 

5620 

2350-17300 


* Reeves R D and Brooks, R R Environ Pollut. A31217,1983 


the latter accumulates more Cd and Cu and the former more Pb and Zn. In both the mosses con¬ 
centration of Pb, Cr, Ni and Fe were found to increase with their age The concentration m brown 
older parts of the mosses were 2-4 times higher than in green younger parts. In its brown parts 
JJylocamium also accumulated more Cu. No such tendency was observed in the other mo ss 
species. 

Plants because of their ability to accumulate Hg may be of value as geothermal indicators 
Equisetum arvense plant collected around mount Saint Helene volcano were greatly elevated in 
Hg than the background data available for these plants. Hg output is known to rise during the 
initial phases of an eruption to peak and then fall temporarily to low at termination During the 
phase of Magma depletion the decreased supply to the plant of atmospheric Hg may coincide with 
uncurtailed plant release. These studies (Seigel et al. 1984) indicate that plants must be regarded 
as significant factors m global Hg storage and transport. 

Similar analogies have been observed in aquatic ecosystems Water Hyacinth can absorb 
relatively high concentrations of Cd, Hg and Pb over a relatively short period of time. Periodic 
analysis of the wild plant can therefore help to monitor the water to which the plant is exposed 
(Chigbo et al. 1982). Also sea weeds could be used as inexpensive method for evaluating the state 
of heavy metal contamination m marine recipients (Haug et al 1974). Similarly duck weeds (Lem- 
nacae) are found to have the potential as indicator of water pollution and as purifier of waste water 
The high sensitivity of Lemna to heavy metals seems to be due to the rapid absorption of metal 
onein the plants body (Nasu & Kugimoto 1981, Nasu et al 1984) One of the recent and most 
extensive work on plant response to metal pollution is the study on Kalu river ecosystem (Mhatre 
1980) m the Kalyan Ambemath industrial belt 

Lead and Vegetation 

Till recently the major source of Pb available to terrestrial plants has been related to soil While 
the effects of mining and smelting operations are more localised on a global scale, the atmosphere 
has become an increasingly significant source of Pb emissions owing to leaded gasoline and the 
tremendous increase m motor vehicle population. At present approximately 98 % of the lead m the 
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ecosystem is derived from the combustion of motor fuels. In the form of aerosols 50-90 % of the 
lead particles are<l ym m size and hence remain suspended for a long time in air 

The Pb content of herbarium samples and collection of mosses, tree leaves and soil toge ther 
with study on peat samples and tree rings has been used m a variety of investigations as indicators 
of the increase m Pb level and for dating Pb pollution histories. Plants and lead have become 
synonym m studies on phytotoxicity of metals (Chamberlain 1978). 

Numerous investigators have reported that the lead content of plants and grass growing near 
highways are generally higher than those m remote areas (Sovirta et al 1976, Ratcliff & Beeby 
1980, Oliver et al. 1974). Analyses of leaves, bark, trunk cores and soil showed that the distribution 
of emitted Pb was influenced by direction of wind prevailing and falls off with distance from the 
road and correlated well with traffic volume (Holl & Hampp 1975). 

Since airborne lead settles on the plant surface, leaf size, shape, lamina and location plays a 
decisive role in the extent of its contamination. Most of the lead deposited on the soil remains 
within the upper 10 cms, because of its relative insolubility. The Pb absorbed from soil and trans¬ 
located to the above ground portion is generally observed to be low. These studies also show that m 
normal roadside higher plants considerable proportions of total Pb burden are present as a relati¬ 
vely short superficial water washable deposit and that portion which is metaboHcally si gnificant to 
the plant is very marginal. 

Forage near roadside sites is reported to show nearly two orders of magnitude higher Pb than 
that from background areas. A marked difference in the uptake capacity of both living and dead 
grass leaves from roadside sites has been noticed (Zimdahl 1976). This dramatically increased 
ability of dead and partially decayed grass was attributed to breakdown of epidermal layers parti¬ 
cularly the cuticle and the resulting increase m water permeability of the materials giving acces 
to better Pb binding- 

The ability of mosses to accumulate Pb and other metals to very high levels from the air has 
been well documented (Goodman & Roberts 1971, Lee 1972, Burkilt etal. 1972, Ratcliffe 1975, 
Clough 1975). However it is observed that pleurocarpous mosses are an unsatisfactory momtor 
of lead content m air, a feature which may explain the discontent observations regarding the 
historical changes m atmospheric levels of Pb While the Smedish Herbena results on mosses 
showed increasing anthropogenic emissions of Pb, specimens from Britain and USA did not show 
such significant trends Even with many of these limitations mosses and other epiphytes can still 
be used to obtain an integrated picture of lead deposition m a given site or ecosystem. 

Bio-magnification of Fluoride in Forage - A Case Study 

Among the group of specific pollutants fluoride is reported to be one of the most important phyto¬ 
toxicant (Adams 1956). Being bioaccumulative its impact on life system, viz grazing livestock has 
been widely acknowledged (Suttie 1964). Presented m this review is the results of an extensive field 
study on fluoride accumulation by the forage species Cyonodon dactylon around a phosphatic 
fertilizer industry m Greater Bombay. The frequency of sampling was mostly at monthly intervals 
Simultaneously the average ambient fluoride levels were monitored using the electrodeposited 
lead dioxide plates developed m our laboratory (Zutshi & Mahadevan 1975, Meenakshi et al 
1981). The experimental and analytical details are presented elsewhere (Meenakshi et al 
1981b) 

An episodal emission m July 1980 disturbed the normal trends at sites 1 and 2 which were 
m the windward direction of the source during this period While damage to vegetation was 
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catastrophic, the forage species Cyanodon dactylon was found to resist even these high levels. 
Site 5 though in the proximity of the source has recorded only background levels akin to that 
observed in a non-polluted site (0.02 ftg/mt in air : 10 jug/gm in forage). 

Simple linear regression analysis of data between concentration of fluoride majr Cair and 
that m forage (Cg) has been attempted. The combined regression fit for all the sites talma 
the form 

Cg = 82 Cair + 69 

The deviation of the regression coefficients obtained for each of the sites individ ually as compared 
with the combined result given above was within ± 30 % The accumulation coefficient K, derived 
from the dose rate equation Cg = KT Cair (T is the exposure period in days) lies in the range of 
1.8 +3 8. These values agree well with the values obtained by a number of workers under con¬ 
trolled conditions. The only study reported under field conditions (Tsrael 1974) gives a value of 
0.94. Perhaps this could be due to the difference in emission characteristics of the source and 
uptake by the species under varying environmental conditions. 

The fact that the observed data on Cg closely follows Cair, indicates the observance of a 
certain residence time for accumulated fluoride m plants although a good indicator in real time 
should have retained the accumulated fluonde over the sampling periods. In view of this it would 
be interesting to evaluate this residence time which could determine the effective sampling period 


Table 4 Bioindicators 


Advantages 


Limitations 


Cheap and easier for sampling Usually qualitative or semi-quantitative 

Cumulative as well as short term indicators Not always universal in application 

Fast level indicators May be size selective 

Can be self concentrating 
Average level indicators 


for a better understanding of the fluonde burden in forage and their transport into other receiving 
systems 

Similar studies have been carried out on use of plants and human blood as biomdicators of 
lead pollution m Bombay However, details of the study on fluorides alone is reported as an 
example of our biomdicators programme and approach to biomomtonng Advantages and 
limitations of biomdicators are briefly summarized m table 4 
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Air Pollution Tolerance Index of Certain Plants of Hyderabad 
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ADEEL AHMED 
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A survey of literature reveals that there exist several reports for the trees as pollution 

sink (Rich 1970, Smith 1974,, Smith &;Dochinger 1975). Environmental management and 
pollution abatement require' knowledge of plant tolerance to air pollution. With this view, air 
pollution tolerance index (APT!) of Nizam College vegetation at Hyderabad has been 
which is based on total chlorophyll content, relative water content, ascorbic add, pH of leaf 
extract, etc A plant species known to be sensitive or tolerant in one geographical area may 
behave differently in another area. 

Materials and Methods 

The leaf samples of 39 species of trees, shrubs and herbs growing in Nizam College Camp us, 
Hyderabad, were collected during morning hours. Fully matured leaves were selected from 
plants growing under similar ecological conditions. The leaf samples collected were analysed for 
pH of leaf extract (Singh & Rao 1983), chlorophyll '(Amon 1949), ascorbic add (AA), (Singh 
1977) and relative water content (RWC) (Singh 1977). 

Air Pollution Tolerance Ineex: APTI gives an empirical value representing tolerance level of 
a plant to air pollution APTI was calculated m the following formula (Singh & Rao 1983). 
Apn= A(T4-P)_±R 

Where A = Ascorbic acid content of leaf in mg/g dry weight 
T = Total chlorophyll of leaf m mg/g dry weight 
P = pH of leaf extract 
R = RWC of leaf extract 

The entire sum is divided by 10 to obtain a small manageable figure 
The APTI values are given m table 4. On the basis of the results of this investigation trees, 
shrubs and herbs have been categorised into tolerant and sensitive ones (Rich 1970, Smith 1974, 
Smith & Dochinger 1975), one has to know the sensitivity levels of plants to pollution. Plants are 
arranged m the order of their indices from higher to lower values. Plants with a higher index value 
were more tolerant to air pollution than those having lower values. 

APTI is useful to some extent in selecting the species of were a plant for growing m urban and 
industrial areas where air pollution is predominant. 
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Table 1 Air Pollution Tolerance Index of certain trees, shrubs and herbs of Nizam College Campus 


Name of the Plant 

Total 

Chlorophyll 

(mg/gdry 

weight) 

Relative 

water 

content 

(%> 

Ascorbic acid 
content 
(mg/gdry 
weight) 

pH 

apti 

value 

Cassia species, L 

20 69 

82 96 

40 

5 

110 812 

Ficus religiose, L. 

IS 762 

86 82 

40 

5 24 

92 69 

Phoenix sylvestns, Roxb. 

17 206 

80 47 

30 

7 38 

81 8 

Eucalyptus globulus, Labill 

14 113 

73 05 

28 

6 64 

65 41 

Ponganua glabra. Vent 

15 8622 

67 16 

7 2 

8 34 

39 21 

Albezia lebbeck, Benth. 

25 104 

66 42 

8 4 

6 59 

33 34 

Ficus bengalenses L 

18 60S 

96 72 

6 8 

924 

28.6 

Azadirachta indica, A. Juss 

9 119 

39 29 

13.2 

8.44 

27.1 

Sapmdus emarginatus, Vahl 

15 7838 

47 23 

15 2 

6 91 

24 14 

Cassia siamea, Lam 

19.433 

56 82 

24 

6 74 

23 8 

Polyathia longifolia, HK f. 

S 692 

88 66 

5 2 

6 15 

15 02 

Shrubs 

Ficus spp, L 

16 684 

79 18 

40 

5 89 

98 21 

Anona squamosa, L 

22 117 

57 58 

28 

6 49 

85 85 

Caesalpima, pulcherima, S W 

22 644 

70 74 

17 6 

6 15 

57 75 

Calotropis gigantea, R. Br. 

10 758 

72 22 

24 

7 06 

49 98 

Nerium odorum, Soland 

8 24 

79 58 

28 

62 

48 39 

Hibiscus rosa-sinensis, L 

15 046 

75 03 

14 

5 69 

44 03 

Cterodendron infortunatum, L. 

37 402 

72 65 

6 8 

5 63 

36 52 

Bougam villaea spectabilis, Willd 

16 284 

65 13 

12 8 

5 78 

25 81 

Tabemaemontana coronaria , R Br 

16 237 

86 06 

2 

5 89 

13 03 

Herbs 

Euphorbia hirta, L. 

26 27 

72 5 

40 

624 

138 01 

Quisquahs indica, L 

23 469 

92 94 

40 8 

5 53 

127 60 

Acalypha indica, L 

22 199 

86 17 

40 

6 84 

124 773 

Amaranthus midis , L 

15 752 

90 42 

40 

7 92 

103 73 

Datura metel 

15 93 

79 79 

40 

7 66 

102 339 

Achyranthes aspera, L 

17 206 

85 90 

36 

7 42 

97 24 

Sida cordifolia , L 

18 562 

35 62 

27 2 

7 07 

73 28 

Abutilon indicum , G Don 

10 816 

48 57 

40 

6 26 

73 16 

Tndax procumbens , L 

13 222 

60 39 

32 

8 26 

71 9 

Croton spp, L 

12 864 

97 3 

24 

7 72 

59 3 

P/era spp 

10 877 

89 56 

28 

6 24 

56 88 

0reftu/l 

15 835 

37 12 

14 4 

5 54 

56 19 

Jasminuum sambac , Aht 

26 135 

78 52 

14 8 

5 1 

54 07 

Orchid 2 

13 765 

99 7 

20 8 

5 64 

39 49 

Rheo discolor 

11 399 

89 62 

16 

6 15 

37 04 

Sanseveria roxbwghiana , Sehult F 

13 502 

99 55 

12 

6 43 

33 87 

Kwica 7*0jea 

4 636 

96 67 

20 

6 

39 93 

Parthemum histerophorus 

14 133 

58 03 

10 8 

8 83 

39 6 

Lantana camara, L 

18 52 

51 22 

9.6 

9 67 

28 02 

Ipomea palmata, Forsk 

10 8664 

84 83 

8 8 

5 67 

23 03 
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Pollen Bioassay for Air Quality Monitoring 

C K VARSHNEY 

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi 110067 


Problems of environmental quality are becoming increasingly important and considerable 
gm phams is being laid on monitoring activities. Physical and chemical methods of measuring 
provide useful data on the concentration of individual pollutants. This information, however, is 
9 f limited value m ascertaining the effect of pollutants on living organisms. 

P lants are highly sensitive to air pollution (Varshney & Garg 1978). Plant responses to air 
pollution can be used to assess the quality of air and may provide early warning signals of air 
pollution trends and their likely impacts. In contrast to concentration monitoring, effect monitoring 
using flowering plants is a recent development. Plant indicators have been successfully used in a 
number of cases to evaluate the specific environmental stresses in terms of plant damage. An 
indicator plant is one which shows characteristic symptoms of air pollution injury while an accumu¬ 
lator plant readily accumulates a specific air pollutant which could be estimated quantitatively in 
the plant material. Monitoring of biological effects of air pollutants using plants as indicators and/ 
or accumulators have been applied on a local, regional or national scale (Posthumus 1982). In 
both cases, entire plants, which are raised under standard environmental conditions, are trans* 
ported/transplanted at the monitoring sites. The test plants are exposed for a specific period which 
may vary from a few days to several weeks This method helps to evaluate an integrated effect of 
air pollution over a given period of time These plant monitors however, provide little or no infor¬ 
mation about fluctuations m the pollution levels during the exposure period. Short-term bioassay 
methods are required to overcome this problem. 

Pollen grains of some plants are extremely sensitive to air pollutants Dopp (1934) found that 
a concentration of 10 ppm of SO s for 6 days had no effect on pine pollen grains exposed under 
dry condition, l e. dry pollen grains fumigated before adding the culture medium. However, 
exposure of pollen grains moistened with the culture medium to 10 ppm SO s in vitro for 45 minutes, 
resulted m decreased pollen germination. He also observed that the exposure of pollen grains of 
Digitalis purpurea L, to SO* was more, revealing m vitro than m vivo. Antipov (1970), on the other 
hand, reported that pollen gram germination in woody plants was stimulated on exposure to SO*, 
Kamosky and Stairs (1974) had reported that germination of pollen grains of Populus delta ides, 
Pmus resmos, Pmus nigra was reduced when exposed for 4 hr m moist condition to 0.75 ppm of 
SO* (for P deltoides) and under dry condition to 14 ppm of SO* (for the latter 3 species) However, 
exposure of dry pollen even to 10 ppm of SO* for 4 hr had no effect on pollen germination in these 
speces 

Dopp (1934) found that when moist pollen grains of Pinus montana and P sylvestris were 
exposed to 10 ppm of SO* for 45 min, the pollen tube elongation was considerably reduced and 
that the tubes even bursted. Kamosky and Stairs (1974) also observed significant decrease in pollen 
tube elongation when moist pollen grains (Populus deltoides) were exposed for 4 hr to 0.30 ppm 
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and 1.4 ppm (Pinus resinosa, P. nigra and Piceapungens) SO* They also reported frequent bursting 
of pdllen tubes at 0.75 ppm for P. deltoides, P. resinosa, P. nigra and Pirea pungens and at 1.4 ppm 
for the latter three species Reduction m pollen .tube growth was also observed by Houston and 
Dochinger (1977) m eastern white pine and red pine growing m the vicinity of thermal power 
plants. 

Ma and Khan (1976) after exposing Tradescantia pollen grains to very high concentrations of 
§0* (10,50,100, 250, 500, 750,1000 and 2000 ppm) observed that reduction in pollen tube growth 
was directly proportional to the concentration of SO*. Masaru et al. (1976) on exposing pollen 
grams of Lillian longiflomm to various concentrations of SO*, NO*, O*. H CHO, and CH, = 
CH-CHO singly and in combination of two gases for 1,2 and 5 hr observed that 0.75 ppm of 
SO* and 2.40'ppm of formaldehyde markedly inhibited pollen tube elongation. The co mbination 
pf SO*—NO, was most inhibitory out of the six combinations tried by them 

Sulphur dioxide was found to affect the generative nucleus in the developing pollen tube. Ma 
and Khan (1976) observed inhibition of mitotic activity of the generative nucleus in the developing 
pollen tube of Tradescantia when exposed to approximately 0 075,0.75,7.5,25 and 50 ppm of SO*, 
the inhibition being directly proportional to the concentration of SO* Ma et aL (1973) observed 
that chromatid aberrations increased m the pollen tube cultures of Tradescantia pahidosa exposed 
to low concentrations (0.05 - 0.075 ppm) of SO, (55 breaks as gainst 17 breaks per 100 cells in 
the control). 

Pollen grains of some sensitive plant species can be effectively used as bioindicators of air 
pollution. Varshneyand Varshney *(1981) have observed pollen germination is highly sensitive 
to SO* and can be used for detecting SO, pollution. Pollen germination in Cicer arietmum, 
Nestertium indicum. Petunia alba, and Tradescantia axilaris were adversely affected by low levels 
of SO* (1310 /ig/m*) when exposed for a brief period of 2-4 hr. 

The pollen tube growth was also carefully monitored in these experiments and it was found 
that tube elongation is far more sensitive than pollen germination in all the species tested. Over 
95 % reduction in pollen tube growth was observed in C. arietinum when exposed to 131 #tg SO*/m* 
for 3 hr and 97 % reduction has been reported in case of N. indicum , P. alba and T. axillaris when 
exposed to 262 pg SO*/m for 3 hr. In view of the high sensitivity of pollen grains to SO, it has 
been suggested that pollen grains could be used as a convenient bioindicator for monitoring of SO* 
pollution. Feder (1981) has successfully used m vitro culture of tobacco (Nicotuma tabaccum) 
petunia (Petunia alba) and tomato (Lycopersicon esculentuni) pollen for bioassay of ozone. The 
pollen tube growth was found to be highly sensitive to low concentration of ozone. 

Dubey (1983) has used pollen systems for studying the effect of herbicides and SO, on pollen 
germination and pollen tube growth and have reported substantial reduction in both these 
processes due to pollution stress. 

The response time of pollen grains is within few hours and they are relatively more sensitive 
as compared to leaves or any other plant organ. Moreover, biomonitoring with pollen grains can 
be easily accomplished with simple equipment. Pollen systems have a great advantage in bio- 
momtoring of air pollution as they can be obtained in abundant quantities and can be store 
conveniently for sufficient period The technique is simple and offers great advantage for quic 
synoptic evaluation of air pollution levels 

There are a number of inherent advantages of the pollen systems for bioassaying air pollu¬ 
tants - abundant material can be obtained, easy to store, convenient to transport, rapid and simple 
testing procedure and cost effective as well. 
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In vitro pollen germination can be successfully employed for on-site monitoring of atmos¬ 
pheric pollutants. Relatively quick response of pollen grains to air pollutants is ideally suited for 
evolving a convenient short-term bioassay of air pollutants. 
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Introduction 

Air pollution effects on plants have long been known (Bobrov 1955 and Solbeig & Adams 1956V. 
A number of morphological and anatomical (Shanna 1977 , Yunus, Ahmad & Gale 1979, fig™ 
& Varshney 1980 and Mishra 1982), physiological (Dugger et al. 1962, Lee 1965, and Crittenden 
& Read 1979) and biochemical (Craker 1972, Tingey et al. 1973, and Malhotra & Hocking 
1976) traits of different plant species have been worked out and the changes induced by different 
pollutants have been well-documented. 

The ever-growing levels of pollution have necessitated the development of easy and rapid 
methods of air quality assessment. As a result, the present trend is to understand and identify 
different plant species and their traits as indicators of environmental pollution. This would 
facilitate a close monitoring of the environmental quality. Hus paper presents the results of some 
experiments conducted in this direction. 

A number of leaf characters (tables 1 & 2) were studied in two populations — one in a 
relatively non-polluted area and the other in a heavily polluted area — and compared. As leaves 
are the principal sites of metabolism and most exposed organs of the plant, they are expected to 
show many responses to the ambient pollutants and these responses were observed and quantified. 
Two species. Cassia tora and Pergularia daemia were selected to facilitate comparison and a 
reasonable validity to the generalizations made at the end. The two study areas are so selected 
that their environments are similar and comparable except for the presence of air pollutants in 
one. 

Materials and Methods 

Plants growing in the University Campus were taken as healthy and non-polluted and they were 
designated as reference population (RP). The polluted area is a few kilometres away from the 
University Campus where a Fertilizer Berth of the Visakhapatnam Port Trust is located. 
Shipments of rock phosphate and sulphur which are to be transported to concerned industries 
are unloaded into a huge 80 ft tall tower Dunng this process a large quantity of the above raw 
materials deposits m the surroundings In addition, pollutant gases such as SO], H 2 S and NO a 
are released from nearby industries like an oil refinery and a fertilizer plant. Plants growing in 
this locality were selected and studied These were designated as polluted population (PP). 

Epidermal peelings were taken manually from either side of the leaves, stained m Iodme- 
Phenol-KI reagent (Health 1947) and observed under the light microscope. Stomatal frequencies, 
epidermal cell frequencies stomatal index, and frequencies of abnormal guard cells were 
calculated. Also stomatal length and breadth were calculated from these peelings (Hill 1980). 
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Table 1 Foliar traits in healthy and polluted populations of Cassia Tora 


Trait 

Surface 

Reference 
population 
mean ± SB 

Polluted 

population , f 
mean±'SB • 

Leaf specific weight (mg x cm-*)** 

—■ 

20 02 ± 0.49 

24 51 ± 0.69 

Leaf thickness 00** 

— 

195 07 ± 3.28 

260 33 ± ’ 3 09 

Epidermal layer thickness 00 

(NS) Adaxial 
** Abaxial 

22 04 ± 1.21 

15 35 ± 0 67 

21 95 ± 0 79 

19 52 ± 0 66 

Cuticle thickness 00 

** Adaxial 
•* Abaxial 

3 25 ± 0 20 
20 ± 009 

2 17 ± 0 09 

1 60 ± 4hM, 

Stomatal frequency (mm 4 ) 

•* Adaxial 

165 48 ± 8 36 

214 42 ± 9.33 

, 

** Abaxial 

359 22 ± 19 19 

278 67 ± 12 *39 

Epidermal cell frequency (mm* 4 ) 

(NS) Adaxial 
•* Abaxial 

846 9 db 19 19 
1351 2 ± 25 13 

879 0 ± 30 , 59 , 
1154 4 ft '50 31 

Stomatal Index 

•* Adaxial 
* Abaxial 

16 42 ± 0.54 

21 16 ± 0 43 

19 75 t j0 43, 

19 54 ± 0 56 

Frequency of abnormal guard ceils (mm* 4 ) 

** Adaxial 
** Abaxial 

5 67 ± 2 0 

3.2 ± 1 16 

23 92 ± $.13 

46 72 ± 4.33 

Frequency of dead guard cells 

** Adaxial 
(S) Abaxial 

6 77 ± 2 89 
zero 

133 15 ± ii.ii 
274 15 db‘ 60 14 

Frequency of dead subsidiary cells (mm-*) 

** Adaxial 

12.07 ± 3.71 

198 6 db 43 02 

, 

(S) Abaxial 

zero 

345 4 ± 55 02 

Frequency of dead epidermal cells (mm-*) 

** Adaxial 
(S) Abaxial 

51 87 ± 7 79 
zero 

218 1 db 43 20, 

253 9 ± 39 33 

Stomatal length-100 

(NS) Adaxial 
(NS) Abaxial 

20 37 ± 0 27 

20 34 ± 0.35 

20 44 ± 0 34 

19 43 ± 0 41 

Stomatal breadth-b 00 

*• Adaxial 
* Abaxial 

15 23 ± 0 18 
14.93 ± 0 13 

14 22 ± 0 24 

14 18 ± 0 28 

Stomatal 1/b ratio 

** Adaxial 
(NS) Abaxial 

1 34 ± 0.02 

1 36 db 0 02 

1 45 ± ' 0 03 
1-36 ± 0 03 


** Significant at 5% level, * Significant at 1 % level, NS, Not Significant, S, Significant 


The viability of guard cells, subsidiary cells and epidermal cells was estimated using neutral refi 
dye to stain the peelings (Black & Black 1979). In each case, thirty measurements were .usually 
made from a minimum of fifteen peelings from different leaves collected from different .plapts 
selected at random Leaf thickness, epidermal layer thickness, cuticle thickness were measured 
from hand-cut transverse sections of leaves treated with a saturated alcoholic solution of Sudan III 
and Sudan IV for 20 minutes. Each measurement obtained was an average of thirty observations 
from thirty different leaves. Leaf specific weight was measured as fresh weight {in mg) per unit 
area (cm 2 ) (Ethel M Goble — Garrat et al. 1981) Leaf areas were calculated using a uniform 
density paper. Here also, each' measurement was the' average of thirty observations. The data 
were analysed using student's t-test. 
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Table 2 Foliar traits in healthy and polluted populations o/Pergularia D aemia 


Traits 

Surface 

Reference 

Population 
mean ± SE 

Polluted population 
population 
mean ± SE 

Leaf specific weight (mg x cm-*) •* 

— 

24 79 ± 1.0 

30 96 ± 0.73 

Leaf thickness NS (/*) 

— 

311.10 ± 13.62 

353 1 ± 15.72 

Epidermal layer thickness (p) 

(NS) Adaxial 
** Abaxial 

26 41 ± 0 87 

17 35 ± 0.65 

28 75 ± 1 09 

13.81 ± 0 44 

Cuticle thickness 00 

(NS) Adaxial 
(NS) Abaxial 

4.49 ± 0.25 

3 19 ± 0.14 

5.02 ± 0.15 

3.25 ± 0 18 

Stomatal frequency (mm-*) 

** Adaxial 
(NS) Abaxial 

4.5 ± 1.88 
216 63 ± 7.22 

39.48 ± 4.87 

254.1 ±23.45 

P/nHfrmal cell frequency (mm-*) 

(NS) Adaxial 
** Abaxial 

780.87 db 16.93 
2398 15 ± 74.08 

868.9 ± 64 02 
3306.33 ±192.35 

Stomatal index 

(S) Adaxial 
* Abaxial 

Data not collected 

8 38 ± 0 33 

4.05 ± 0.42 

6 99 ± 0.43 

Frequency of abnormal guard cells (mm-*) 

** Adaxial 
** Abaxial 

3.27 ± 1.35 
0.7 ± 0.27 

35.8 ±‘ 6 01 
75.36 ± 13.73 

Frequency of dead guard cell (mm-*) 

(S) Adaxial 
(NS) Abaxial 

zero 

18 05 ± 10.57 

31.6 ± 7.37 

41.9 ± 21.23 

Frequency of dead subsidiary cell (mm-*) 

Adaxial 
(NS) Abaxial 

zero 

79 0 ± 33.33 

zero 

167.67 ± 61.21 

Frequency of dead epidermal cell 

(S) Adaxial 
(NS) Abaxial 

zero 

156.85 ± 59 7 

22.55 ± 22 55 

193 9 ±103.56 

Stomatal length-l(/0 

Adaxial 
(NS) Abaxial 

Data not collected 
24 75 ± 0.50 

Data not collected 

24 74 ± 0 42 

i 

Stomatal btestdth-bOO 

Adaxial 
(NS) Abaxial 

Data not collected 
16.36 ± 0.54 

Data not collected 

15 44 ± 0 24 

Stomatal 1/b ratio 

Adaxial 
(NS) Abaxial 

Data not collected 

1 54 ± 0*04 

Data not collected 

1 61 ± 0 03 


* Significant 'at 1% level; •• Significant at 5% level; NS, Not Sigmficant; S, Significant 


For the sake of uniformity, leaves at the fourth/fifth node and at the eighth/ninth node were 
collected in C. torn and P. daemia respectively m all samples. The terminal leaflets of C tora 

considered as leaves for purposes of this paper. 

Data were not coltacted regarding the stomatal length, stomatal breadth and stomatf1/b 
ratio on the adaxial surface of P. dmma as most of the stomata showed guard cells with broken 
walls and which were disorganized. 


■Results and Discussion . 

The traits studied can be categorized into three groups basing on the differences observed in 

because the trails showed significant variation from the RP in both the species studied. 
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Table 3 Levelt of response of the Traits 


Most 

Least 

Only w sensitive species 

Leaf specific weight 

Epidexmal layer thickness 
(adaxial) 

Leaf thickness 

Epidermal layer thickness 
(abaxial) 

Epidermal cell frequency 
(adaxial) 

Cuticle thickness 
(adaxial) 

Stomatal frequenccy 
(adaxial) 

Stomatal length 
(abaxial) 

Cuticle thickness 
(abaxial) 

Epidermal cell frequency 
(abaxial) 

Stomatal 1/b ratio 
(abaxial) 

Stomatal frequency 
(abaxial) 

Stomatal index (adaxial) 


Frequency of dead guard cells 
(abaxial) 

Stomatal mdex 
(abaxial) 


Frequency of dead subsidiary 
cells 

(adaxial) 

Frequency of normal guard cells 
(adaxial) 


Frequency of dead subsidiary 
cells 

(abaxial) 

Frequency of abnormal guard cells 
(abaxial) 


Frequency of dead epidermal 

cells 

(abaxial) 

Frequency of dead guard cells 
(adaxial) 


Stomatal breadth 
(abaxial) 

Frequency of dead epidermal cells (adaxial) 



traits are —leaf specific weight, epidermal layer thickness (abaxial), stomatal frequency 
(adaxial), epidermal cell frequency (abaxial), stomatal mdex (adaxial and abaxial), frequency of 
abnormal guard cells on either surface, frequency of dead guard cells (adaxial) and frequency of 
dead epidermal cells (adaxial). The second categoiy included traits which did not show significant 
changes m the PP. The traits are epidermal layer thickness (adaxial), epidermal cell frequency 
(adaxial), stomatal length (abaxial) and stomatal 1/b ratio (abaxial). The third category consisted 
of traits which showed significant differences only in one of the two species. Interestingly, the 
significant differences in this category were all seen m C. tora only. This is understandable as 
C. tora which is an annual herb and a mesophyte is more sensitive to pollution than P daemia 
which is a perennial and a succulent. 

The usefulness of various plant traits as indicators of environmental pollution had been 
brought to light by a number of workers (Sharma & Butler 1973, Sharma 1977, Rao 1977, 1979, 
Yunus & Ahmad 1979 and Beg 1980) The eight parameters comprising the first category discussed 
above appear to be good indicators of the pollution prevailing m the area. However, the 
parameters are not responding uniformly when both the leaf surfaces are considered Thus, 
stomatal frequency on the adaxial surface increased significantly m both the species in PP 
whereas this is not so m the case of the abaxial surface. Only m C. tora significant variation was 
observed on the abaxial surface This is the trend with other characters listed m this categoiy 
except the stomatal mdex and the frequency of abnormal guard cells which varied on either surface 
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in either species in the PP. Thus, these parameters, along with leaf specific weight, appear better 
indicators among the ten parameters categorized in this group Such parameters could be 
utilized m monitoring air pollution more reliably. Their utility is validated not so much because 
accurate characterization and measurement of pollution load are possible as because they are 
shown to respond significantly across a range of plant species. They are recommended as good 
markers of the polluted environments m preliminary pollution monitoring ventures. 

Nevertheless, the need for further work involving as many plant species and polluted areas 
as possible cannot be overemphasized. This, however, is not to deny the utility of the traits as 
inexpensive, easy and unambiguous tools which could facilitate mapping of large tracts of areas. 
Establishment of national and international data-banks on these lines is recommended. 
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Leaf-surface Characteristics as Indicators of Air Pollution 

K J AHMAD and MOHD YUNUS 
National Botanical Research Institute, Lucknow 226001 


Many studies have shown that air pollution affects plant morphology in a variety of ways and 
the morphological changes induced by air pollutants serve as useful indicators/monitors of air 
pollution. In recent years, the environmental botanists have shown increasing interest /in 
Ttfe study of the effect 'of air pollution on'micro-morphological parameters such as leaf surface 
structures (including foliar cuticle and epidermis). Being the outermost layer of leaf, the cuticle 
responds quickly to air pollution and plays a very significant role, both as indicator, and mitiga- 
tor of pollution. 

Sharma and his colleagues, working at Tennessee (USA), initiated studies which helped to 
j establish the concept of using leaf cuticular features as indicators of air pollution. This has added 
a new and relatively unexplored dimension to air pollution studies (Sharma & Butler 1973,1975, 
Sharma & Tyree 1973, Sharma 1977) Sharma and Butler (1973) made a comparative study of 
the leaf cuticular features of two populations (one healthy and the other polluted) of Trifohum 
r;epens L. and observed that stomatal frequency had decreased and trichome frequency and length 
had increased conspicuously in polluted population Similar studies carried out by Sharma and 
Tyree (1973) on Liquidamber styraciflua L. revealed correlation between environmental pollution 
and cuticular and morphological features. According to Sharma (1977), lower stomatal value 
in polluted population was an adaptation to decrease the amount of poisonous gases getting into 
leaf tissues, and hence a protection against pollution. Similarly, the increase in size and frequency 
of tnchomes, according to him, would have the effect of lowering the average of the leaf tempera¬ 
ture and hence decreasing the rate of metabolic reactions, associated with various harmful gases, 
in and around the leaves The longer tnchomes act as filters and insulators and keep the dust 
particles away from stomatal openings. 

Wagoner (1975), who made a comparative study of the leaf cuticular and gross morphological 
characters of healthy and polluted populations of Plantago lanceolata, observed higher stomatal 
frequency on the upper surface of leaves from polluted areas Trichome density and length were 
also higher m polluted populations. 

Godzik and Sassen (1978) observed that the small folds present in the outer epidermal cell 
wall of normal leaves were found to be absent in leaves from air-polluted Aesculus hippocastanum 
L plants Further, the stomata of plants from polluted area had an abnormal appearance. 
'Dim sections examined under TEM also showed absence of small-fold m leaves from polluted 
areas. Conspicuous differences in thickness and structure of the epidermal wall were noted in the 
leaves of two populations 

Garg and Varshney (1980), observing seven species of flowering plants, noted that thermal 
power plant emissions caused reduction in the size of stomatal pores and increa se in trichome 
length and density. There was also a conspicuous increase in folds on subsidiary cells on the 
adaxial leaf surface. Varshney and Garg (1980), who studied the relationship between leaf surface 
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characteristics and susceptibility of plants to atr pollution in five species of flowering plants, ob¬ 
served that plants with pilose and pubescent leaf vesture were relatively more affected as compared 
to plants with glabrescent leaf surface. Rajachidambaram and Knshnamurthy (1980) observed 
clogging of stomata, loss of one or both guard cells or total destruction of stomatal apparatus 
caused by cement dust pollution, in all the five species of flowering plants studied by them. 
Bhiravamurty and Kumar (1983) found decreased stomatal density and stomatal index and 
increased idioblast and abnormal guard cells frequencies in Calotropis gigantea (L.) R Br. 
collected from polluted areas as compared to the healthy populations. 

' A detailed and systematic study on the effect of air pollution on leaf surface structures, 
including cuticular and epidermal features, of flowering plants (both under light and sinning 
electron microscopes) has been initiated at the National Botanical Research Institute, Lucknow 
(India). The main findings of the investigations are summarised below: 

1 Yunus et al. (1979) made a comparative study of the epidermal traits of four healthy and one 
polluted populations of Ricinus communis L. A conspicuous .increase in frequency of s tomata, 
percentage of abhormal stomata and idioblast frequency was observed in polluted population. 
’One to two per cent of stomata on the lower epidermis also showed a slight decrease m size. 
Scanning electron microscopic studies of the foliar surface revealed that stomatal openings were 
larger and cuticular stnations more conspicuous m leaves of polluted population th a n in those of 
healthy ones. ' < 

Jafri et al. (1979) compared the epidermal features of Syzygium cuminit (L) Skeel of leaves 
from three non-polluted areas with those from a cement factory compound They noted a 
conspicuous decrease in epidermal cell size, and increase m the number of epidermal cells and 
stomata in plants from polluted areas Characteristic injury symptoms like necrotic lesions, death 
or degeneration of epidermal cells, caused by cement dust particles, were also observed in polluted 
populations Similarly, Yunus and Ahmad (1980) observed higher stomatal and trichome densities 
and smaller epidermal cells and trichome sizes m leaves of Psidium guajava L. collected from the 
polluted environment of a cement factory, as compared to nine healthy populations studied' by 
them. 

Kulshreshtha et al (1980) studied the epidermal features of three non-polluted and one pollut¬ 
ed populations of Jasminum sambac Ait. The polluted populations were collected from a large 
bangle factory complex, where chief pollutants were HF, S0 2 and carbon particulates A signifi¬ 
cant decrease in size of epidermal cells and stomata and increase in number of epidermal cells, 
stomata and tnchomes per unit area were recorded in polluted population and these could be 
used as bioindicators of air pollution 

In subsequent studies, carred out by Srivastava, et al (1980) on Tabernaemontava coronaria 
Willd, Yunus and Ahmad (1981) on Calotropis procera R Br and Srivastava and Ahmad (1982) 
on Croton sparsiflorus Morong, polluted populations were collected from the vicinity of some 
major thermal power stations (and/or brick-kiln complexes), and comparative studies were made 
with several populations of each species collected from healthy or non-polluted environments. 
In all such cases, major pollutants were S0 2 gas and carbon particulates In comparison to healthy 
populations, all polluted populations revealed a uniform increase in the frequency of epidermal 
cells, stomata and tnchomes, and a decrease in the size of epidermal cells and stomata. Necrotic 
lesions and inj'ury symptoms were also recorded on the upper epidermis In Croton sparsiflorus, 
where in healthy populations cuticular stnations were prominent and typical stellate hairs were 
present, in the polluted population, cuticular stnations were inconspicous and the stellate hairs 
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lost their typical shape and size and became disorganised and the number of rays in a hair was 
also reduced Much wider stomatal openings were observed m leaves of polluted populations as 
compared to the healthy ones 

Yunus et al (1982) earned out a study of the epidermal features of four populations of 
Ipomoea fistulosa Mart ex Choisy, in which two healthy populations were compared with two 
different polluted populations. While one polluted population was collected from a cement 
factory, the other was picked up from an aluminium factory. In each polluted population, 
significant increases m the frequencies of epidermal cells, stomata and tnchomes were recorded 
as compared to the healthy ones. Scanning electron microscopic studies revealed wider stomatal 
op ening s , disorganization of cuticular striation pattern and dissolution of cell walls. 

It is thus clear from the foregoing account that a number of leaf surface characters including 
cuticular and epidermal features, respond to air pollution in a predictable way and they can bo 
used as bioindicators and perhaps, with some good luck, as biomomtors of air pollution. 
However, it may be noted that usually only quantitative change is induced due to stress of 
pollution and one rarely comes across qualitative changes in the micro-morphological parameters. 

To sum up, the following modifiable leaf surface traits may be sensitive to air pollution and 
their response can be used as indicator of air pollution. 

Trait Indication i 

Epicuticular wax Deposition, ornamentation (tubes, rods, granules and plates) 


Cuticle 

Epidermal cell 

Stomata 

Trichomes 
Special features 


Thickness, configuration—striatums, folds, leaching, etc. 

Frequency; size; cell wall thickening; cell injury, necrotic 
lesions; particulates, crystals. 

Frequency; size, abnormal, degenerated/aborted stomata; 
Size of opening 

Frequency; size; degeneration or disorganisation 

Idioblast (size, shape and frequency); cystoliths (size, shape 
and frequency) 
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Biomonitoring of Industrial Air Pollution with Plants 
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Introduction 

bvcmight defoliation of a large number of trees in an eastern suburban area of Bombay city, 
attracted the attention of scientists'to the acuteness of air pollution problem m the area. Necrosis,- 
chlorosis, bleaching, margin or tip bum, were common foliar injury symptoms, which could 
be measured as percentages of total area of the lamina injurfed Areas of leaves ranged between 
:50% and above, defoliation indicating 100% leaf'injury in badly affected plants to 5% or 
less in the slightly affected ones. The measurements revealed that the extent of foliar injury was 
highest near the source of pollutant emission (Chaphekar 1972). Comparison of percentage 
foliar mjtuy in different species, however, indicated that they differed m their susceptibility to 
the some pollutants in the ambient air It was therefore, necessary that individuals of the same 
species of plants were studied intensively. Since occurrence of same tree species at all the sites 
chosen for study could not be assured, it became imperative to select a herbaceous plant species 
that could be grown to order, for use as biomonitor. Commehna benghalenlis, a quick growing 
common raderal species, was selected and used successfully for monitoring quality of air m some 
parts of the Bombay City (Chaphekar et al 1980) This biomdicator not only confirmed the already 
known polluted areas (Anon. 1975) but also identified some hitherto unsuspected areas like the 
Marine Drive Seafront, as highly polluted ones, probably due to a combination of auto-exhausts 
with salt sprays from the Arabian Sea. A search continued, however, for a more suitable phyto¬ 
monitor, since the prostrate, runner habit of Commelina posed some problems of handling during 
its rapid growth An erect commonly occurring ruderal species, Ipomoea camea, was chosen for the 
propose It shows rapid growth, can be multiplied vegetatively with ease, and has broad leaves 
which indicate foliar injury symptoms induced by air pollutants with clarity (Gindhar 1984) 
When exposed to subacute doses of air pollutants, it tends to indicate them, as in case of C ben- 
ghalensis, by reduction m growth (net production), also referred to as subtle injury (Rao 1981), 
which has been found to be a useful tool in monitoring in earlier experiments (Chaphekar et al 
1980) Quality of ambient air m the premises of a fertilizer factory m Bombay was monitored with 
the help of this plant over a period of one year, the results of which are presented here 

Materials and Methods 

Ipomoea camea was collected from a local wasteland, and stem-cuttings of identical length were 
planted in pots, containing red loam and farmyard manure (FYM) m the proportion of 3 • 1 After 
growing the plants in nursery for 10 days, the pots were distributed to eight sites in and around the 
factory complex. Identical watering schedules were maintained at all the sites. Plants were moni¬ 
tored for leaf injury and harvested after 6-7 weeks of exposure for determination of oven-dry 
weight (ODW). Number of plants studied at each site was 10. After 6-7 weeks, which a new set 
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of identically but freshly grown plants was set up at each of the sites A pilot set was run from 
end of June 1982 to beginning of August 1982, i.e. beginning of rainy season, when a large 
number of plants were lost Later, seven consecutive sets of plants were exposed for phytomoni- 
tonng to cover a penod from February 1983 to February 1984. Details of sites around the factory 
and exposure schedule are given in tables 1 & 2. 

Results and Discussion 

Oven dry weights of exposed plants harvested at ground level and dried at 105°C, are given in 
table 3. Heavy injury to plants, often leading to death, was noticed repeatedly at the same sites 
(Nos. IV & V) during monsoon season (Sets 1,4 & 5) indicating severe phytotoxicity of ambient 


Table 1 Sites selected for phytomonitoring of ambient air quality around a fertilizer factory m Bombay, using Ipomoea 
camea 


She No. 

Site 

Description m brief 

I 

Research Centre 

Green area treated as control. South of factory' 

IT 

Training Institute 

South-West of factory, stacks not in wind direction 

m 

Effluent-treatment Plant 

North of stacks, not in wind direction 

IV 

Ammonium Nitrophosphate Plant (ANP X ) 

It is in the downwind direction on the eastern side and 
near the stack 

V 

Ammonium Nitrophosphate Plant (ANP 2 ) 

It is 20 m south to site No. IV 

VI 

Trainees Hostel 

In the downwind direction on the Eastern side, about 
500 m away from the stack 

vn 

Collector’s colony 

In the downwind direction on the Eastern side and 500 m 
East of Site IV 

vm 

Highway Gate No. m 

Fairly green area, on the North’of the factory complex 


Table 2 Exposure Schedule for phytomonitoring of ambient air quality around a fertilizer factory m Bombay using Ipomoea 
camea 


Set No. 

Duration of exposure 

1 (Pilot) 

23 June 82—8 August 82 

2. 

14 Feb 83—31 March 83 

3. 

1 April 83—16 May 83 

4. 

17 May 83—2 July 83 

5. 

4 July 83—18 August 83 

6. 

18 Aug 83—30 Sep. 83 

7 

5 Nov 83—24 Dec 83 

8 , 

26 Dec 83—10 Feb 84 

- ... ■■ - . ■ ■ - ■■ .. .. — ..— ■’■■■■ - - 1 


Note The set covering October 1983 was washed out accidentally, sets 6,7 and 8 were grown without FYNfi due tp 
circumstances beyond control, 
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air It appeared that at sites IV and V, where chemical dust deposition on plants was heavy, leaves 
had little chance for survival High velocity South-West winds appeared to contribute to injury 
during the same period Site VII which was directly m downwind direction of effluent sources 
during that season, also showed very low productivity, through severe foliar injury, though 
plants were not dead A separate senes of experiments proved beyond doubt that when air pollu¬ 
tants were rubbed on leaves by high velocity winds, plants were much more vulnerable (Gmdhar 
1984), which explained the higher foliar injury observed m downwind areas dunng monsoon 
season (Chaphekar et al 1980). 

A convenient method of presentation of the results is shown in figure 1. Here, each star 
represents quality of air at one site, round a year. Each arm of a star represents quality of air as 
indicated by ODW of the monitor plant, dunng one set of duration of exposure Longer arms 
indicate correspondingly higher phytomass which directly correlates with the quality of ambient 
air. 

In conclusion, it is observed that Ipomoea cornea is a good biomdicator of ambient air pollu¬ 
tion, and is suitable for use on a large scale since it is easily available, easy to multiply, sensitive to 
air-pollution, and can be easily read for foliar injury symptoms. Further studies on the plant 
species are in progress to standardize it as a biomonitor of air quality m a variety of environ¬ 
mental circumstances. 


Table 3 Oven dry weights (In g) 0 /Ipomoea camea plants after exposure for 6*7 weeks in each set, at 8 sites around 
a fertilizer factory in Bombay (Mean of 10 samples ± SE) 


sate No/ 1** 

Set No 

2 

3 

4 ** 

5** 

6 

7* 

8 

I 

13 45db 

0 157 

32.28± 

6 22 

14 59 db 

1 20 

19 17± 

2 91 

27 5± 

1 86 

6 21 ± 

0 72 

6 55± 

0 56± 

7 54± 

0 63 

n 

11 66± 

0 46“ 

29 22± 

5 42 ns 

13 15± 

1 6S* s 

26 22± 
4.76 ns 

21 06± 

1 964 c 

13 83 db 

1 33® 

3 79=t 

0 25® 

6 3 db 

0 46*3 

m 

NOT 

planted 

27 44± 

5 01*3 

11 07 ± 

1 83 NS 

18 6 * 

3 73 ns 

20 16± 
1.708® 

10 31 ± 

1 3 6* 

3 04db 

0 29® 

5 24± 

0 76* 

IV 

Plant 

Dead 

25 19 

2 91 NS 

10 67 ± 

1 32C 

Plant 

Dead 

Plant 

Dead 

9 55db 

1 08* 

5 63± 

0 64 ns 

5 lldb 

0 44® 

V 

Plant 

Dead 

19 48± 
2.97* s 

7,77± 

0 78® 

Plant 

Dead 

Plant 

Dead 

7 39± 

0 69 s * 

63 ± 

0 75*3 

5 16± 

0 45® 

VI 

6 42± 

3 32" 

17 18± 

3 50C 

12 13± 

0 91® 

16 45 ± 

2 09 ns 

14 71 ± 

2 591® 

5 85± 

0 43 NS 

4 43± 

0 34" 

4 47± 

0 51® 

vn 

5 74± 

0 16® 

15 61 ± 

2 82C 

14 37± 

0 93 ns 

17 77± 
3.66 NS 

11 09± 

1 194® 

7 05± 

0 85 ns 

4 62± 

0 68* 

5 59± 

0 67^ 

vm 

12 12± 

0 226® 

23 53± 

2 92 ns 

12 81 ± 

1 48 ns 

20 47± 

3 18 n S 

22 68 ± 

1 33 c 

7 42± 

0 54 NS 

4 51± 

0 45* 

3 54± 

0 40® 


♦Denotes the set without manure, **Denotes the monsoon penod, NS, Non significant, PcO.ol,*, P<0.01, 
«, P<0 02 
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Figure 1 Response of Jpomoea cornea to ambient air condition around fertilizer complex 
Results computed on the basis of Oven Dry Weight (g) 
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Monitoring of environment with the help of biological systems is a tricky affair. Environment 
is a dynamic system, undergoing changes, being in a state of flux all the time. Responses of plants 
and aTvmiiils undo: a given set Of environmental conditions will not be the same qualitatively and 
quantitatively as mnW a different set of conditions. Also, the level of responses and changes m 
or ganisms differ under different ecological conditions Therefore, at the very outset it should be 
realised that biological monitoring of environment, though possible, has its limitations. For 
example, the same concentration of a pollutant under different moisture, radiation, temperature, 
and wind conditions, may produce different levels of effects m the same organism, population or 
community. 

Despite these limitations, biomonitoring of environment is a desirable method, because it 
provides a simple, cheap and convenient way to ascertain the state of health of the environment. In 
this respect plants, being more sensitive to environmental changes than animals, are most suitable 
for biomomtoring purposes. As plants live outdoors and are continuously exposed to environ¬ 
mental factors, these integrate with time the effects of pollutants The difficulty lies m -the selection 
of suitable organisms and the changes m them which may be the best indicators of a given factor 
m the environment With respect to air pollution, such as SO,, HF, heavy metals, etc, it has been 
shown that lichens are highly reliable organisms for biomomtoring of air environment Majority of 
lichens are very sensitive to the contaminated air When there is a pollutant in the air, it upsets the 
homeostatis or the balance between the phyco- and myco-biont and it initiates the gradual dis¬ 
integration of the lichen thallus. It is a matter of guess as to what is the beginning of this process 
of imbalance. Experiments have shown that the organisms are affected m their total physiology 
and metabolic processes by the pollutants. Respiration increases m the beginning, perhaps to coun¬ 
teract the initial shock caused by the pollutant, but with decreasing supply of energy consequent 
to reduced photosynthesis, the respiration rate continually decreases affecting the entire thermo¬ 
dynamics of the system. The measuring of respiration rate could be a good indicator of pollution 
stress m the long run But it is difficult to measure respiration m situ of plants and animals. In case 
of plants, chlorophyll is the primary material responsible for the energy-conservation process 
and the chlorophyll level is more or less directly proportional to the amount of enrgy fixed There¬ 
fore, chlorophyll level of a plant species has been found to be a good indicator of contaminated 
environments Similarly, the pH, ascorbic acid and lelative water content of leaf, have also been 
found to bear a good correlation with the environmental stress These parameters can be easily 
analysed and computed together to give an empirical number to indicate the sensitivity levels of 
plants to a specific or general condition on air pollution. In these analyses the importance of 
a changing environment must be kept in view. 

Under field conditions, plant communities have often been used to indicate the environmental 
health status. Lichen and mass communities have been used to map polluted ateas and it has been 
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found that these maps are very similar to those prepared on the basis of actual measurement of 
pollutant levels In such studies, number of species, their frequency, coverage and association is 
t aken into consideration. IAP (index of atmospheric purity) values have been determined and it 
has been shown that the higher the IAP value the lower the concentration of a pollutant m the air 
and vice-versa. Such studies do not need much expertise and can easily be carried out with some 
initial training. In places where there are no lichen and bryophyte communities, such studies can 
be taken up in consideration with higher plants, including herbs, shrubs and trees. In disturbed 
aseas, where natural plant communities are absent, the cultivated plants may be used. Even a 
single plant species, universely distributed in an area, can be used for gradient analysis of the 
environment with respect to a pollutant on the lines indicated earlier through physiological ana¬ 
lyses. Also transplantation studies have been used to monitor pollution m different areas. Indi¬ 
vidual plant species are grown under normal conditions or collected from natural unpolluted 
habitats and transplanted along with their substrata m polluted areas and are studied for changes 
in them due to pollutants present in the environment. In these transplant experiments, plant bio¬ 
mass, foliar necrosis, chlorophyll levels and similar sensitive parameters are used to evaluate 
the stress of pollution. These studies help m monitoring and mapping pollution in urban-indsut- 
nal areas. 

Plants have the potential to serve as biomdicators of air pollution. Laboratory experiments 
are required to establish cause-effect relationships. It is necessary that the reliability of plan 
gpecies or their parameters as .monitors of changing environment, be established under known 
conditions of environment. 

Thus, for biomonitoring purposes, communities, populations, individual species, organs and 
even biochemical and physiological parameters of plants can be used depending on the situation, 
available facilities and expertise of the investigator. In all such studies, a precise information of 
pollutant concentration through physico-chemical monitoring is required. Further, a correlation 
of concentration with change in the plant need be established. 
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Monitoring of Fish for Organochlorine Pesticide Pollution 

S A BANERJI AND A R BHINGE 

Environmental Chemistry Division, The Institute of Science, Madam Coma Road, Bombay-400032 


Introduction 

The fact that many pollutants from industrial and/or domestic effluents find their way ultimately 
into the ocean, which thus acts as a sink, cannot be ruled out. Among many such pollutants 
affecting ma rine life, the ecosystem and ultimately human health, the chlorinated pesticides residues 
deserve special attention because of their widespread and indiscriminate use and because of their 
characteristic physicochemical properties. They are lipophylic and not easily biodegradable 
and therefore get stored in the fat deposits of animals. These pollutants enter the food chain and 
are biomagnified or bioconcentrated. The need of the hour is to evaluate by some criteria the 
extent of pollution of the sea and its marine life. Because of their persistent and lipophylic nature, 
monitoring of fish and other species of aquatic life for organochlorine pesticide residues would 
be a useful bioindicator of pesticidal pollution of marine ecosystem. 

Surveys of such nature have been conducted on clams, oysters, shrimps, and varieties of 
fish and crabs (Butler 1974, Leard et al. 1980). Fish are often the most convenient group 
for pesticide monitoring because of their availability from commercial catch and the nature to 
accumulate relatively large residues and become pesticide resistant when exposed to lower 
concentration of these substances (Southwick 1972). 

DDT and its metabolites have been found widely distributed m fish, shrimps, crabs and other 
biota from the Gulf of Mexico and the Carrebbean sea (Giam et al 1972). Higher levels were 
found near the coast than m samples from open water. Ten species of biota from San Antonio Bay, 
Florida, showed metabolites of DDT m oysters and blue crabs (Petrocelli et al. 1974). Fish 
caught m the Baltic and inland waters, which are the dump-yards of industrial wastes, showed 
high levels of residues. 

In spite of the fact that pesticide usage m India is considerably more than in some other 
Asian countries, very little data are available on the insecticidal contamination of Indian foods of 
animal origin m general and fish m particular. Studies on freshwater animals such as fish, 
prawn and snails from the river Jamuna have shown significant levels of DDT (Pillai & Agarwal 
1975). Bombay is a highly industrialised city and has a vast shoreline which is a disposal 
ground of wastes, it was therefore felt necessary to study organochlorine pesticide residues in 
fish which is caught off the coast of Bombay and brought for sale in the different city markets. 
Earlier work earned out by Dr Haidar in fish caught in Thana Creek (Tejam & Haidar 
1975) which revealed that the pollutants have entered the food chain. The present study 
therefore aimed, (i) to monitor over a one-year penod, the levels of organochlorine pesticides in 
seven varieties of fish, samples of clams and prawns which are commonly consumed by Bombay 
population, («) to arrive at certain conclusions regarding the extent of pesticidal contamination 
of the Arabian sea taking the pesticide concentration in sea foods as a criterion. 
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Materials and Methods 

Samples of seven varieties of commonly available fish, namely Silver bar (Chirocentrus dorab), 
Mackerel (Caranx rottleri), Black pomfret (Stromateus niger), Jew fish (Pseudosciaena diacanthus), 
Bombay duck (Harpodon neherius), Seer fish (Cybium sp.), Pomfret (Pampas argentms) and also 
clams and prawns were collected during the period of August 1979 to December 1980 (m 
kilograms quantities). The fish were freshly caught off the shores of Bombay and brought to 
the various markets for sale. The clam samples were collected from Bassem creek. 

Extraction of Pesticide Residues 

Samples were thoroughly washed with distilled water and 25g of edible muscle tissue was taken. 
The extraction of organochlorine residues was done according to the method of Lakshminarayana 
(Lakshminarayana 1973) using Hexane, dimethylformamide solvents as reported elsewhere 
(Noronha et al. 1980). 

Clean-up 

Hus procedure was similar to that of de Feubert Maunder et al. (1964) with modification in 
that activated alumina was replaced by fionsil as an adsorbent. 

Separation, Identification and Quantification of Pesticide Residues 

The end determination of pesticide residues was carried out on Perkin-Elmer model Sigma 3B, 
gas chromatography, Connecticut, USA, equipped with 6I Ni as electron capture detector. The 
parameters and conditions were the same as reported in a previous communication (Khandekar 
et al. 1982) 

Pesticide Standards 

The standard pesticides were obtained from the Indian Standards Institute (ISI), New Delhi 
(80-99% purity) 

Differentiation of Dieldrtn and DDE Residues 

Dieldnn and DDE when injected as a mixture could not be resolved into two separate peaks under 
the conditions employed but appeared as a single peak with retention time of 1.62 (with respect to 
Aldnn) Therefore, when samples were analysed, the peak at 1 62 retention time was considered as 
a mixture of Dieldnn and DDE and therefore their individual concentration could not be 
presented 

Pesticide Residue Levels in Samples 

The values of the organochlorine pesticide residues obtained on analysis of vanous fish samples 
were compared with the tolerance limits laid down by USFDA (Pesticide chem. News 1982), 
as similar FAO/WHO limits (Joint FAO/WHO 1975) were not available. 

Results and Discussion 

Table 1 reveals that of the 227 samples of sea food analysed, 131 samples showed organochlorine 
pesticide residues, giving an overall incidence of 57 %. Among the fish types. Silver bar had the 
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highest incidence (100%), followed by Black pomfret (92 3%) and Mackerel (84.6%). Bombay 
duck, Seer fish and pomfret samples, however, had a lower incidence (32 %). Clams and Jew fish 
had intermediate incidences of 76 % and 60 %, respectively. Interestingly, prawns were nearly free 
of the residues. 

Of the 131 con tamin ated sea-food samples (table 2), as high as 118 contained Dieldrin/DDE 
(90%), 113 or 86 % of them had DDT while Heptachlor was present in 96 or 73 % of the samples. 


Table 1 Organochlorine pesticide contamination of samples of seafood available m Bombay markets 


Sea-Food 

No. of 
samples 
analysed 

No. of 
samples 
with 
residues 

Percent 

incidence 

Silver bar 

25 

25 

100 00 

Black pomfret 

26 

24 

92 30 

Mackerel 

26 

22 

84 60 

Jew fish 

25 

15 

60 00 

Bombay dude 

25 

8 

32 00 

Seer fish 

25 

8 

32.00 

Pomfret 

25 

8 

32 00 

dams 

25 

19 

76 00 

Prawns 

25 

2 

8 00 


Table 2 Extent of organochlorine pesticide contamination of seafoods available in Bombay markets 


Sea food Total No. of No and percent of samples contaminated with particular Samples 
No. of samples pesticide contam- 

samples conta- — .. - --—— -. ..—..... —— ■ fog more 



analysed minated BttC 

Lindane 

Hepta¬ 

chlor 

Aldrin 

DDT 

Dieldrfo/ 

DDE 

than one 
residue 

Fish 

177 

110 

19 

16 

87 

21 

95 

100 

98 

(7 varieties) 



(17 27%) 

(15.50%) 

(79 09%) 

(19 09%) 

(86 36%) 

(90 09%) 

(89 09%) 

Clams 

25 

19 

5 

13 

7 

6 

18 

18 

18 




(26 30%) 

(68 43%) 

(36 30%) 

(31 60%) 

(94 73%) 

(94 73%) 

(94 73%) 

Prawns 

25 

2 

2 

2 

2 

— 

_ 

__ 

2 




(100 0%) 

(100 0%) 

(100 0%) 




(100 0%) 

Total 

227 

131 

26 

31 

96 

27 

113 

118 

118 




(19 84%) 

(24 42%) 

(73 27%) 

(20 06%) 

(86 26%) 

(90 08%) 

(90 08%) 
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Samples were less contaminated with Aldrin, BHC and Lindane pesticides (<24 V) Moreover 
118 (90 %) samples contained more than one pesticide residues. ° * 

The average concentration of DDT in samples was the highest (0.1685 ppm) among the 
residues, followed by Heptachlor (average 0.041 ppm) (table 3). Reports from the other parts 
of the world also indicate high incidence of organochlorine pesticide residues in seafood 
especially DDT, in fish, and other species. Thus, almost 98 % of fish food from Turtle creek 
reservoir U S A (Klassen 1975) and 100% of fish samples in a survey of National pesticide 
Monitoring Programme, U S.A. showed organochlorine pesticide residues (Henderson et al 
1971). Further, organochlorine pesticides such as BHC, Aldrin, Dieldrin, and especially DDT* 
were found in 100 % of the fish and shrimp samples from the Turkish Mediterranean sea (Sahin 
1978). DDT was observed in 80% of Atlantic Mediterranean (Alzieu 1976) and Japanese 
(Mishima 1977) fish samples, whereas, BHC, Aldrin and Lindane were less frequently observed. 
Our data are in good agreement with the above reports. However, the concentrations in our 
survey were not high. Further, unlike these reports, our study shows a high maHoree of 
Heptachlor contamination. 

In Silver bar, mackerel, black pomfret and Jew fish the incidence of contamination by Hepta¬ 
chlor, DDT and Dieldrin/DDE were exceedingly high, ranging from 86 to 100%. riy™ too 
showed this profile with regard to DDT, Dieldrin/DDE. As compared to these residues, the 
afore-mentioned fishes were relatively free of BHC, Lindane and Aldrin. Jew fish showed neither 
BHC nor Lindane contamination. Analysis of Seer fish and Bombay duck suggested that they 
were more contaminated by Dieldrin/DDE than other residues. 

A careful glance at table 3 would reveal that but for pomfrets, fishes, by and large, were 
not contaminated with BHC and Aldrm. Among non-fishes clams had good mr.iHf.n c e of all 
pesticides Prawns had very high incidence of BHC, Lindane and next Heptachlor contamination, 
but none of the other residues could be seen. Lastly, fish consumers m Bombay may denve 
some comfort from the fact that none of the residues were found at levels above USFDA tolerance 
limits. 

Summary 

In conclusion, the following points may be mentioned: 

1 Among the sea fishes, commonly consumed in Bombay, silver bar, mackerel, black pom¬ 
fret and clams had high incidence of organochlorine pesticide residues Bombay ducks, 
seer fish and pomfret had lower incidences, while prawns were, by and large, free of 
residues 

2. Dieldrin/DDE, DDT and to some extent Heptachlor were the residues most frequently 
found in sea-food sold in Bombay, while BHC and Aldrin were less frequently 
encountered 

3. Nearly 90% of the samples had more than one residue 

4. None of the residues were present at levels above USFDA tolerance or dangerous limits. 

5. Like reports from other parts of the world, DDT was the commonest pesticide encountered 
and was usually in the highest concentration 
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Table 3 Extent of contamination of sea-foods available in Bombay markets with various organochlorine pesticides 
residue 


Seafood 

No. of 
samples 

BHC 

Lindane 

Aldrrn 

Heptachlor 

DDT 

Dieldrin/ 

DDE 

Silver bar 

25 







average (ppm) 


0 003 

0 0019 

0 0017 

0 006 

0 096 

P 

Range (ppm) 


0 003 

0.0006-0 008 

0.0004-0 004 

0 001-0 015 

0 003-0 50 


•fve samples % 


4 0 

240 

36 0 

96 0 

92 0 

100 0 

Black pomfret 

26 







average (ppm) 


0 003 


0.0025 

0 0087 

0 057 

p 

Range (ppm) 


0 002-0 004 


0 001-0 003 

0 001-0 07 

0 014-0 197 

— 

-fve samples % 


8.33 

— 

16 66 

100.0 

100.0 

100 0 

Mackerel 

26 







average (ppm) 


0 003 

0 0035 

0 025 

0 012 

0 058 

p 

Range (ppm) 


0 003 

0 002-0 005 

0 001-0 003 

0 002-0 07 

0.019-0 15 

— 

-fve samples % 


4 54 

9.09 

18 1 

95 45 

100 0 

100 0 

Bombay duck 

25 




0 112 

1 085 

p 

average (ppm) 


0 0086 

0 0066 

— 

0 004-0 22 

0 025-3.2 


Range (ppm) 


0 003-0 013 

0 002-0 013 

— 

25 0 

37 5 

25 0 

-fve samples % 


62 5 

37 5 

— 




Jew Fish 

25 







average (ppm) 


— 

— 

0 022 

0 005 

0 016 

P 

Range (ppm) 


— 

— 

0 022 

0.002-0 008 

0 006-0 038 

— 

+ve samples % 


— 

— 

6 66 

86 66 

93 33 

93 33 

Seer fish 

25 







Average (ppm) 


0 016 

0 0155 

0 049 

0.034 

0.0245 

P 

Range (ppm) 


0 011-0 021 

0 005-0 026 

0 049 

0 034 

0 008-0 035 

— 

-fve samples % 


25 0 

25 0 

12.5 

12 5 

50 0 

87 5 

Pomfret 

25 







Average (ppm) 


0 01 

0 03 

0 0245 

0 063075 

0 09 

P 

Range (ppm) 


0 004-0 036 

0 017-0 036 

0 03-0 04 

0 058-0 

0 058-0 62 

_ 

-fvesamples% 


62 5 

37 5 

25 0 

25 0 

62 5 

25 0 

Prawn 

25 







Average (ppm) 


0 0095 

0 007 

— 

0 036 

_ 

_ 

Range (ppm) 


0 008-0 011 

0 004-0 01 

— 

0 036 

_ 

. 

H-ve samples % 


100 0 

100 0 

— 

50 0 

_ 

. _ 

Average (ppm) m 


» 






overall samples 


0 009 

0 0141 

0 0146 

0 041 

0 168 

- - 

Range (ppm) m 








overall samples 


0 0-0 10 

0 0-0 292 

0 0-0 049 

0 001-0 280 

0 0-3 2 

— 
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Crustacean Heart as a Model for Aquatic Pollution Studies 

G TONAPI 

Department of Zoology, University of Poona, Pune 411007 


Introduction 

Contamination of water by pollutants can have deleterious effects on organisms. To predict 
short and long-term consequences of pollutants well in time, sensitive monitoring systems 
of biomdices should be employed. The nature of the effects of pollutants vanes, but can include 
structural and functional modifications, at both cellular and sub-cellular levels, in a variety of 
organisms. The crustacean heart has been a subject of several investigations (Krijgsman 1952, 
Carlisle 1956, Maynard 1960 and Lockwood 1968). Some preliminary observations on the cardio- 
physiology of Moinodophnia maclayi (King) have been reported recently (Tonapi et al. 1984). 
However, the effect of various pollutants on individual physiological systems is seldom studied 
Heart is one of the most susceptible organs responsive to even low concentrations of foreign 
elements. This paper deals with the effect of three toxicants, viz urea, phenol and ammonium 
chloride on the heart rate of three locally-found cladocerans —Smocephalus exspmosus (Deeger), 
Mania rectirostris (Leydig) and Daphnia carinata (King) and a decapodan —Berytelphusa cunni- 
cularis (Westwood) Urea, phenol and ammonia are discharged into water as effluents of chemical 
industries (Mukheijee & Bhattacharya 1977 and APHA, AWWA & WPCF 1981) These 
derivatives are highly poisonous to aquatic organisms and cause mortality. 

Materials and Methods 

Crabs were collected from paddy fields and were allowed to acclimatize to the laboratory 
conditions Animals were maintained m glass aquaria containing pebbles, sand and water. 
The crabs were fed on aquatic phytal matter, such as, algae, Hydnlla and Eichhomia 

The cladocerans were collected from ponds in the vicinity of Poona University They were 
isolated by micropipettes and maintained in glass troughs at room temperature (22 ±1°C) 
Culture medium was prepared from soil, cow-dung and pond water (Bant 1959). 

Exposure to Pollutants 

Animals, male and female, were exposed to three toxicants, viz urea (HjNCONHa), ammonium 
chlonde (NH 4 C1) and phenol (C,HjOH). The concentrations of the pollutants were deter¬ 
mined after protracted trials to avoid sudden arrest of heart beats as well as to prevent lethal toxic 
effects. LT S0 values were derived after recording the cardiac responses of 30 samples before 
the effects of the pollutants were noted For final experiments, the cladocerans were exposed 
to urea 5 0% (w/v), phenol 0 1 % (w/v) and ammonium chloride 0 5% (w/v) for 15 min. The 
crabs were exposed to urea 2 5 % (w/v), phenol 0 5 % (w/v) and ammonium chloride 1 0 % (w/v) 
for 15 min. The cladocerans so-exposed were transferred to normal culture medium and the 
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crabs to crustacean ringer solution (Brown & Creedy 1970), for further observations and records. 
Light, pH, temperature, oxygen level stage in moult cycle, age and sex affects the heart 
rate (Tonapi et al 1984); enough care was taken to measure the responses accurately. 

Experiments were carried out on the animals to record the normal heart beats, and heart 
beats after exposure to the pollutants The crab was fully immersed m crustacean ringer solution 
and a sizable protein of the carapace was removed to expose the heart. Enough care was taken 
not to disturb the cardiac ganglion during the dissections or observations The recordings were 
made 60 to 90 nun after the dissection, during which the heart reached the steady-state. The 
effect of pollutants on the heart rate was also recorded m a similar fashion. In the tap- 
key method, a tap-key is connected to a voltage transformer over which a small iron strip is fixed 
horizontally. A thin aluminium lever is attached to this strip. Heart beats were observed under 
a binocular microscope and the tap-key was pressed whenever there was a wave of contraction. 
This generates a magnetic field m the transformer, which attracts the iron strip, hence the attached 
needle moves with every tap on the key. The displacement of the needle was recorded on a 
kymographic smoked drum. 

To study the cladoceran heart response, a single individual was placed in a cavity slide in the 
culture medium at a time, and the heart beats were recorded by an ocular micrometer on 
a kymographic smoked drum. For this purpose, one of the eye-pieces of a binocular microscope 
was replaced by an ocular micrometer. A silk thread was fixed to the rotating screw of the ocular 
micrometer which was taken over a pulley and was tied to a suspended lever, the other 
end of which writes on a smoked paper fixed to a rotating kymograph drum. The hairline of 
the ocular micrometer was moved manually by rotating the screw in such a way that it kept 
coinciding with the heart wall. As the screw rotates the attached needle is pulled by thread fixed 
to it and hence each beat is recorded on the kymograph. 

Now a more precise method is being employed for the heart beat recordings of daphmds 
and crabs by light reflection method. In this method, the mirror reflection of cardiac movements 
is picked up by photosensitive diodes which feed them to an oscilloscope connected to a pen 
recorder 

Results and Discussion 

Records of the heart beat of Berytelphusa cunmcularis gave the following results Normal male 
and female showed 45±5 beats per minute (figures 1 and 2 1) In both the sexes, phenol did not 
affect the cardiac rhythm initially beats after the steady state, the males showed 33% reduction 
(figure 1 II) and females 66 % reduction (figure 2 II) in the heart rate Urea initially increased 
the heart rate in both the sexes by 166 % (figure 1 III and figure 2 III) This was followed by 33 % 
reduction of the heart rate m either sexes (figure 1 III and figure 2 III) Ammonia also initially 
excited the cardiac rhythm in both sexes In male, there was 66 % increase (figure 1 IV) and in 
female there was 100% increase (figure 2 IV) This was followed by 33 % reduction of the heart 
rate m both the sexes (figure 1IV and figure 2IV) 

Kymographic recordings of the normal cladocerans gave the following results D. carmata: 
277 0±29 0 beats/minute (figure 3A and E), M rectirostns' 318 0±28 0 beats/minute (figure 4A 
and E) and S expinosus 332 0±28 0 beats/minute (figure 5A and E) In steady state of D carmata, 
the heart beats are comparatively less than that of the other two species (table 1) The heart 
beats of the three species studied, after exposure to the toxicants are given in table 1 Urea 
reduced the heart beats of D. carinata to 81 58% (figure 3B and F), M, rectuostns to 38.05%. 
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Table 1 Heart beats of normal and exposed cladocerans to pollutants states 


Species 

Normal heart 
beat (Mean ± 
standard 
deviation) 

Pollutant used 

Heart beat after 
treatment (Mean 
± standard 
deviation) 

Percentage 
reduction 
in heart 
rate 

D. carinata 

277 0±29 0 

urea 

51 0± 7 0 

81 58 



phenol 

56 0± 9 0 

79 78 



ammonia 

89 0± 8 0 

67 87 

M rectirostris 

318.0±28 0 

urea 

197 0±33 0 

38 05 



phenol 

181 0±35 0 

43 08 



ammonia 

193 0± 8 0 

39 30 

S, exspinosus 

332.0±21.0 

urea 

130 0±14 0 

60 84 



phenol 

124 0±11 0 

62 65 



ammonia 

143 0± 7 0 

56 92 


(figure 4B and F) and S. exspinosus to 60.84% (figure 3B and F) Phenol decresaed the heart 
beats of D. carinata to 79.78% (figure 3C and G); M rectirostris to 43 08% (figure 4C and G) 
and S. exspinosus to 62 65% (figure 5C and G). Ammonia affected to lower the heart beats of 
D. carinata to 67 87% (figure 3D and H); M rectirostris to 39 30% (figure 4D and H) and S. 
exspinosus to 56 92 (figure 5D and H). An average of fifty observations showed that D carinata 
is more susceptible to all the pollutants than the other two species. The movement of the animals 
after the addition of the toxicants slows down and almost stops after 10 to 15 minutes How¬ 
ever, the heart continues to beat for 55 to 60 minutes and after this period the animals suffer 
from lethal effects Higher concentrations are not tolerated. 

The results show that urea initially increased the heart rate m both sexes of B cunnicularis 
as compared to ammonia. Ammonia excited the female heart more than that of the male. How¬ 
ever, the excitation of the cardiac rhythm was followed by inhibition to the same extent in both 
the sexes. Phenol did not show any excitatory effect initially But it later inhibited the heart 
rate in both the male as well as female crabs However, the female heart was more susceptible 
to the toxicant Thus, out of the three toxicants used, urea excited the heart more as compared 
to the differential increase by ammonia in male and female crabs and phenol had no excitatory 
effect 

The number of cladoceran heart beats were in the order of S exspmosus> M. rectirostris> D. 
carinata Small differences were observed m the number of heart beats of males and females 
in all the species studied Nevertheless, the results were subjected to statistical analysis and 
were found to be statistically insignificant The gross observations of the normal and treated 
cladocerans revealed that the heart beats normal of D. cantena were comparatively less (figure 3A 
and E) than the other two species (figure 4A and E, figure 5A and E) and it is more susceptible 
to all the three toxicants (table 1) 

The significant amount of excretory matter in Crustacea as a group, is ammonia, and there¬ 
fore they have been rightly treated physiologically as “ammonotelic” (Parry 1960). The 
crustaceans have very little ability to form urea which in small quantities can get diffused through 
the gill epithelium into the surrounding water (Parry 1960). This may be the reason for the 
transient effect of ammonia as compared to urea and phenol m B. cunnicularis. The phenol has 
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Fig. 2 

Figure 1 Kymographic records of normal and exposed B cunnicularis (male) to pollutants (0 Normal, (II) exposed 
to phenol, (III) exposed to urea, and (IV) exposed to ammonia Time references for fig 1 II to IV is same as that 
of fig II 

Figure 2 Kymographic records of normal and exposed B cunnicularis (female) to pollutants (1) Normal, (II) 
exposed to phenol, (III) exposed to urea, and (IV) exposed to ammonia Time references for fig 2 II to IV 
is same as that of fig 2 1 
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Figure 3 Kymographic records of normal and exposed Daphma carinata to pollutants (A) Male, noimal, (B) 
Male, exposed to urea, (Q Male, exposed to phenol, (D) Male, exposed to ammonia, (E) Female, normal, 
(F)Female, exposed to urea, (G) Female, exposed to phenol, and (H) Female, exposed to ammonia Time 
references for fig 3 B to H is same as that of fig 3A 
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Figure 4 Kymographic records of normal and exposed Morua rettirotfru to pollutants (A) Male, normal, (B) 
Male, exposed to urea, (C) Male, exposed to phenol, (D) Male, exposed to ammonia, (E) Female, normal, (F> 
Female, exposed to urea, (G) Female, exposed to phenol, and (H) Female,exposed to ammonia Time references 
for fig 4 B to H is same as that of fig 4 A 
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Figure 5 Kymographic records of normal and exposed Simocephalus exsp trios us to pollutants (A) Male, normal, 
(B) Male, exposed to urea, (C) Male, exposed to phenol, (D) Male, exposed to ammonia, (E) Female, Normal, 
(F) Female, exposed to urea, (G) Female, exposed to phenol, and (H) Female, exposed to ammonia Time references 
for fig 5 B to H is same as that of fig 5 A 
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more drastic effect since it is not a body metabolite. However, arthropods, in general, and 
crustaceans, in particular, are known to have the ability to oxidise phenolic compounds which 
are used for the tanning of cuticular proteins (Dennell 1960) However, there is no evidence of 
phenols occurring in the hemolymph itself. Perhaps the drastic result may be due to phenol 
not getting metabolised rather quickly. 

It is, therefore, not surprising that the number of beats differ under different ecological con¬ 
ditions. It is known that in Simocephalus , a genus related to Daphnia the heart rate maxima recur 
periodically when eggs or embryos are m the brood pouch (Schulz 1928). In the prawn, Alpheus 
dentipis , the heart increases before and after each moult (Green 1965). The rate of crustacean 
heart beat is not only remarkably variable indifferent genera, but also within one species depend¬ 
ing upon the physiological status. (Baylor 1942, Tonapi et al. 1984). It has been noted that 
the environmental factors such as temperature, pH and light have significant consequences on 
cardiac rhythms. Even so, the cardiac mechanism provides a very sensitive physiological index 
for studying the effects of toxic materials released in the commonly used body of fresh water. 
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Biological Monitoring of Lead in Printing Press Workers 

M Z HASAN and ANIMESH KUMAR 
National Environmental Engineering Research Institute, Nagpur 440020 


Introduction 

Distribution of lead in the environment in relation to sources has been studied by various workers. 
(Chow 1970, John 1971, Lagerweiff and Spectot 1970). However, a limited number of studies 
have been done on biological monitoring of lead The health hazards caused by increased lead 
intake by man are well recognized (Hunter 1957, Kehoe 1933). Lead, after absorption through 
lungs and gastro-intestinal tract, enters the circulatory system and ultimately, it is deposited m 
various organs of the body. The blood lead levels increase with the increase in the exposure 
but subsequently its level decreases due to the absorption of lead m the tissues The blood lead is, 
therefore, not an index of total body burden of lead including tissue bound lead but gives an indi¬ 
cation of recent absorption of the metal Several indices have been used for the monitoring of oc¬ 
cupational or environmental lead exposure. However, none of them is specific except blood lead. 
Even the most sensitive enzyme delta ammo levulimc acid dehydratase has been observed to be 
effected by the presence of other metals (Seth et al. 1976, Hasan & Seth 1981) Blood lead levels 
provide valuable information on the extent of exposure and helps to evaluate the lead exposure of 
individuals with known exposure periodically. 

Surveys on levels of lead exposure have been based on the analysis of clinical syndrome and 
unne The blood level determination have not been conducted due to non-availability of adequate 
amounts of blood, required for the analysis. The application of matrix modifying reagent of 
flameless atomic absorption spectrophotometry offered the possibility of using this technique for 
biomonitonng of lead pollution using small quantities of blood This method was used to deter¬ 
mine lead m blood samples of printing press workers exposed with known levels of lead The 
results of this study are reported in this communication. 

Materials and Methods 
Reagent 

Stock lead solution * A 0 1599 g of lead nitrate Pb (NOg) s was dissolved in 20 ml of distilled water, 
1 ml of distilled nitric acid was added to it and the volume was made up to 100 ml with deionized 
distilled water 

Standard lead solutions Standard lead solution of concentrations 5 and 50 pg Pb l -1 were prepared 
by two step dilutions of stock lead solution with deionized distilled water containing 1 ml/100 ml 
of nitnc acid. 

Matrix modifying reagent. The reagent was prepared by dissolving 1 g of orthophosphonc acid 
and 1 g of ammonium nitrate m 100 ml of 1 per cent triton X-100 

Apparatus 

A Perkm-Elmer Model-372 atomic absorption spectrophotometer equipped with graphite furnace 
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Model HGA-2200, a deuterium background corrector and a hollow cathode lamp for lead was 
used for the analysis The spectrophotometer was operated m peak height mode. A Perkm-Elmer 
Model 56 recorder on 10 millivolt span was used to record absorbance signals. The hollow cathode 
lamp for lead was operated at 10 mA lamp current with at 283.3 nm wavelength and spectral slit 
width ofO 7 nm ALT. Nitrogen was used as purge gas. Eppendorf micropipettes with disposable 
tips were used to inject the sample into the furnace. Initially, both pyrolytically coated and 
standard graphite tubes were used, however, later studies were conducted with standard tubes as 
both gave similar results. 

Statistical methods 

Because the distribution of data was non-gaussian, Wilconon’s (Documenta Geigy 1962) test was 
used to detect the significant differences between the two groups of data. - 

Screened groups 

The persons involved in the investigation were divided into Group I and Group II. Group I 
comprised printing press workers m the age group of 20—55 years and employment period ranging 
5-20 years whereas Group II comprised persons with no known exposure of lead and of the 
same age group as printing press workers. 

Procedure 

Sample collection and storage 

Blood samples were taken by venepuncture and immediately transferred to plastic sample tubes 
containing heparin to avoid coagulation The blood samples were stored at temperature below 
—40°C. 

Sample preparation 

Blood sample (0 2 ml) was diluted to 1 0 ml with 1 per cent triton X-100 containing matrix modi¬ 
fying reagents This diluted and haemolyzed blood sample was used for injection into the graphite 
furnace Triton X-100 was found to be an efficient and convenient way of introducing whole blood 
into the graphite tube It was found to be more effective as a wetting agent for complete transfer 
of blood sample from the pipette to the graphite furnace. Triton X-100 was also effective m mini¬ 
mizing the sample loss by sputtering and removing interference due to the buildup of carbon 
aggregates during the charring stage 

Recommended procedure 

Take 0 2 ml heparinized blood in a dry glass tube Dilute it 5 times with matrix modifying reagents 
containing 1 per cent orthophosphonc acid and 1 per cent ammonium nitrate m 1 percent triton 
X-100 Allow the blood to haemolyze and then shake it gently for making homogeneous sample. 
Take 20 pi of this diluted sample and inject it in graphite tube. Program the furnace for drying 
at 100°C for 30 sec, charring at 750°C for 60 seconds with 30 seconds ramping and atomization 
at 2200°C for 10 seconds Record the signals for duplicate readings. In case duplicate readings 
differ by more than 5 per cent, take a third reading and compute the mean of two readings which 
are m close proximity For the calibration of the instrument take 5 and 50 pg Pbdl -1 of standard 
solutions and dilute them five times with matrix modifying reagent used for the sample. Prepare 
by taking deionized distilled water and processing it similarly as standards Record signals from 
blank standards and blank by programming the graphite furnace similarly as for the sample. 
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Record all the r ea di ng s using deuterium background corrector. Compute the metal levels m the 
samples from the s tandar d curve after making compensation for reagent blank. 

Results and Discussion 

The q uant ity of blood lead m printing press workers was found to vary between 12 fig and 32/ig/100 
ml. More than 75 per cent of the workers had blood lead between 15 fig and 32 fig/100 ml (table 1). 
The result of analysis of blood from normal control showed that the blood lead levels varied 
between 0 and 14 ftg/100 ml. Out of these, more than 60 per cent of the normal persons had 
less than 6 fig Iead/100 ml of blood (table 2). 

* The lead level in the blood of printing press workers was higher in comparison to that of 
normal control adults. However, none of the printing press workers had blood lead levels above 
accepted biological limit of 80 fig/100 ml. Eightysix per cent of printing press workers showed 
blood lead values significantly higher than that of controls (p<0.05). Blood lead value of printing 
press workers could not be related to their habits, however, the value was found to be related to the 
duration of their work, type of work and employment 

Certain amount of lead enters the human body daily, mainly through ingestion and inhalation 
through food, drinking water and beverages. The quantity of intake of lead differs from place to 
place and it depends on the availability of lead in the environment. The level of lead in blood, 
therefore, reflects its concentration in the environment. Elevated level of lead is only possible if 
environment is contaminated with higher amounts of lead. However, other bio-chemical para¬ 
meters may alter in response to the other substances as they are non-specific parameters 

Table 1 Frequency distribution of blood lead levels in Printing Press Workers 


Blood lead range 
(Mg/100 ml) 

Percentage of 
population 

12-14 9 

23 7 

15-19 9 

4 3 

20-24 9 

11 8 

25-29.9 

19 7 

30-32 

40 5 


Table 2 Frequency distribution of blood lead levels m Normal Persons 


Blood lead range 
(Mg/100 ml; 

Percentage of 
population 

0-1 9 

7 9 

2-3 9 

24 3 

4-5 9 

47 8 

6-7 9 

7 8 

8-10 

12 2 
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The study demonstrated wide variation in biological response. Persons working at the 
place for the same duration showed varied results. It appears that the effect of lead in physiological 
system is influenced not merely by the type of severity and duration of exposure to lead but also 
due to a variety of other factors such as the physical characteristics of the individual, habits of 
working, the state of health and the degree of exhertion in the performance of the work. However, 
the absorption of lead depends chiefly on its intake and does not depend on other factors. It is, 
therefore, dangerous to conclude about lead exposure on the basis of bio-chemical parameters 
without finding the blood lead level. Generally, lead toxicity is exhibited by anaemia, however, 
none of the printing press workers showed any sign of anaemia. Similar findings have also been 
reported by others (Williams et al. 1969, Selander & Cramer 1970). The determination of blood 
lead has clearly indicated that printing press workers were exposed to leH 

The flameless atomic absorption spectrophotometric method developed and df*yr i bfd in 
this communication, requires only 0.2 ml of the blood The method provides direct ntnuniratirtn of 
blood sample without the digestion step. The matrix interference is removed by cfiftmiftai modifi¬ 
cation in the graphite furnace itself. The method is suitable for routine monitoring of lead exposure. 
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